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SCIENCE PROGRESS 


THE FLOOR OF THE OCEAN 

By P. G. H. BOSWELL, D.So., FJl.S. 
fnftmtt Oeobfir <» He VMttntti) ef iMtim, tmftrtal Coliiv* n/ Sttatee mi Ttehmlon 

Although Kipling’s village of Huokley, led by ’Dal Bausagues 
herself, may have voted that the Earth Is Flat, it is imdoubtedl;; 
a faot that general opinion, outside perhaps Zion City, Illinois, 
holds to the view that it is a globe. But undue satisfaction in 
regard to our knowledge of this globe is hardly warranted when 
we remember that three*flfths of its surface is almost rmknown 
to us. For this luge proportion of the earth’s arust (the litho- 
qthere) is coveted by the oceanic envelope called the hydrosphere, 
tthe marginB of the seas have fluctuated since the earliest geological 
and they fluctuate to-day ; as the sonneteer observed : 

When I have seen the hungry ocean gain 
Advantage on the kingdom of the abore. 

And the firm soil win of the watery »n»in 
Increasing store with loss, and loss with store, .... 

And notwithstanding its imperfections, the geological record has 
hem fairiy plainly written by these marginal fluctuations, but 
what Bee benaatii the depth of the ocean, being iuviailfle and only 
shghi^y acoeaaibto, ie atiU but little known. Yet when we are asked 
what mnhdlbution the prc^pMse of scienoe is making to deep-sea 
loro, 'imawtr titat during recent years signifloant advances 
have been arode) tel jm owledg^rfboth of the fomt of the ocean- 
te>or/aad tiw dapoil^^ 

It is not tee t^ origin 

m tee egs ite te* ^’tveanio basine-^^ 




Mt tumtem during tee past two deoate*;^ 
to tey teat tee Boneehstts of geok^liioal opteteh diOM*]M» 
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favour the Wegener hypothesis of continental drift, althougii 
admitting the possibility that such drift may occur in certain parte 
of the crust on a relatively small scale. This matter concerns ue 
here only in so far as the form and covering of the ooean-floon 
may throw light on the controversy. 

The variation in depth of the oceans over the surface of the 
globe is familiar to all. In their main outline, the bathymetrical 
contours have long since been plotted, and the work of recent 
deep-sea exploration has only necessitated modification in detail 
of such contours. The broad distribution of deep-sea deposits — 
the organic oozes and red clay — ^in relation to depth is also a matter 
of general knowledge. The character of these deposits and the 
areas and depths of the floors where they occur was first made 
known from the classical investigations of the Challenger expedition 
in 1880, although earlier expeditions had foreshadowed some of 
the results. Since then numerous scientific explorations have 
been made, and have duly been referred to in textbooks of 
oceanography. 

With certain exceptions, the types of deposits found on the 
ocean-floor are related to the depth, the distribution of the various 
tj^pee corresponding with different submarine levels. A clear 
picture of the respective areas in relation to the heights or depths 
is furnished by what is known as the h}rp 80 graphioal curve of the 
earth’s surface. From this diagram, in which areas are plotted as 
abscissn and heights as ordinates, it becomes evident that two 
levels are most widespread. The first is a land level consisting of 
the greater part of the continents (all but about 9 per cent., which 
constitute the “ mountainous ” areas) together with a continental 
shelf that is submerged beneath the sea to an eventual depth of 
about 100 fathoms (nearly 200 metres) at its margin. The second 
is the deep-sea level, which includes most of the ocean-floor ; this, 
if regarded as lying between 1400 and 2800 fathoms (2| and 5 kilo- 
metres) in depth, occupies about two-fifths of the earth’s surface. 
The ill-defined stage connecting these levels, that is, the continental 
slope, is of small extent, possibly 8 per cent, of the earth’s surface, 
and the deeps or sinks in the ooean-flop;%itig below 3000 fathoms 
in depth (6^ kilometres) oonsiitute only about 4 per cent, of the 
surface, although this proportion may prove to be slightly greater 
of depths are obtained. The deep-sea area, 
including the deeps, thusi boiiiiqpriBes some illi, million square miles 
(29S square kilometres), or more them hali^ i^e earth's surface ; the, 
oharaoter of its surface and covering would therefore appear to 
merit greater attention than they have hitherto been given, ei^ieoi- 
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ally when we leoall the vast literature oonoemed with the geoh^ 
of the oontinental areas of the globe. 

Sucoeadve expeditions have added considerably to the number 
of sounding stations originally established by the Chattenger, and 
we now realise that the ocean floor has topographical irregularities 
no less impressive than those of the continents. Moreover, the 
employment during recent years of echo-sounding methods, so 
economical of time and labour, has revealed interesting features 
such as submarine canyons, deep hollows and scarp-Uke elevations. 
Kow that some hundred canyons have been located. Professor 
R. A. Daly has recently done good service by assembling the 
evidence relating to them. He notes that several occur along the 
oontinental shelf between the latitudes of Cape Cod and Cape 
Hatteras, including the classic “ Hudson River Canyon ’* off New 
York City. Thirty examples have been found along Georges Bank 
off the New England coast and an even greater number between 
the northern end of Vancouver Island and southern California. 
Others have been determined off the Hawaian Islands, in the 
northern and western parts of the Gulf of Mexico, off the western 
coast of Mexico, the Bahama Bank, the coasts of Brazil and 
Ecuador, the eastern coast of Korea, both eastern and western 
coasts of Japan, eastern and southern coasts of Formosa, off the 
mouths of the Ganges and Indus and the coast of Ceylon. Around 
the African continent, they have been proved to occur south of 
Zanzibar, off the south coast, opposite the mouths of the Congo, 
Ogowe and Niger, and off the Gold Coast and Cape Verde. In 
Europe, they have been located in the region beyond the coasts 
of Portugal, France and the British Mes. Thus their distribution 
is world-wide. Many extend as cuts through the oontinental shelf 
and reach a depth of at least 1000 fathoms. Although some 
have no direct topographical connection with great rivers (for 
example, those closely spaced on Georges Bank), most are on the 
axial lines of such, notwithstanding the fact that delta-building is 
in progress. In relation to the oontinental shelf, they usually run 
straight down in the direction of slope— as though formed by 
rivers consequent ” on the shelf, their longitudinal gradients 
bring from 1 in 100 to 1 in 10. ^me are shallow, that is, not 
deeper than 50 fathoms (100 m.) and confined to the area of the 
shelf, but many show depths reaching from 500 to 1600 fathoms. 
Their walls are steep, the gradient being apparently from 1 in 3 
to 1 in 1, and from the walls of those off Cadifomia masses of fossil- 
iferous Upper Oretaoeous and late Tertiary clays have been dredged. 

The mode of origin of these canyons has long bem a problem — 
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indeed, ever sinoe the time when Buchanan attributed the dassio 
example found off the mouth of the Congo to submarine riyer 
erosion. Some examples have probably arisen in this way, but 
it seems unlikely that submarine rivers can cut to great dq>ths 
in relatively deep and quiet oceanic waters, even if we grant Daly’s 
postulate, that such streams, being laden with mud, have inorea^ 
erosive powers. Other canyons are probably tectonic ; that is, are 
due to down-folding or faulting of the earth’s crust under the sea. 
But the problem in general remaias. 

Ridges, scarps or deeps on the sea-floor have been recorded 
fix>m time to time, but latterly more precise information has been 
furnished by the work of the Dutch SneUius expedition and our 
own John Murray expedition in the Red Sea, Arabian Sea and Indian 
Ocean. As the investigators on the SneUitts expedition emphasised, 
the possibility of a submarine fault assuming gigantic proportions 
is not in accord with Wegener’s theory of a plastic substratum 
which is necessary for the drift of continental masses. Thanks 
to Dr. Vening Meinesz’s investigations of the value of gravity at 
sea, made by pendulum observations in submerged submarines, it 
has become possible to relate the deeps, which are usually long 
and narrow depressions of the sea-floor, to long and narrow belts 
of strong negative anomalies of gravity. Thus there is more than 
a suggestion that such deeps are of tectonic origin, and conse- 
quently due to down-folding or fracturing of the orust. As has 
long bmn realised, the best-known deeps, such as those south of 
the Java-Timor arc and north-east of the Antillean arc, are situated 
in the neighbourhood of land-masses where earth-building move- 
ments have recently been active. The same is probably true of 
the Nero Trough of the Marianas, the Atacama Deep and the 
South Sandwich Islands Deep. 

We pass to the consideration of the deposits at present being 
laid down on this submarine surface of varied relief. We have as 
yet no evidence of any relationship between the canyons and 
deeps and the type of sediment deposited, but apart from these, 
it is generally true to say that the deep-sea sediments vary in 
character accmriing to the depths of water in which they have 
accumulated. Sevmal expeditions, notably the Meteor, the Carnegie 
and the Diacomy II, have recently provided additional information 
about such deposits, but it is a tribute to the work of the ChaSemger 
eaqpedition that the classifloaticHi introduced half a century ago 
stffl stands. The various expeditions of the research ship D^- 
ooverff 11, begun in 1925, axe still in progress. Organised by ^ 
Cokmial Office wHb the view of acquiring knowledge of the iinpOT- 
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taut eocmomic problem of the feeding and breeding of whaJes in the 
South Seae, the peraoimel of the expeditions lost no opportunity 
of making soientifio observations relating to the depth, salinity and 
temperature of ocean waters, to marine life of all kinds, and to 
the character of sea-bottom deposits. Valuable results are gradu- 
ally being published in a series of volumes, but inasmuch as many 
of the specimens must be examined by busy specialists, much 
information is still awaited, including the detailed descriptions of 
the floor-deposits. But alresMly results of surprising intent have 
been announced. The classification of the deep-sea deposits intro- 
duced by Sir John Murray of the Challenger expedition requires 
modification only in detail : it may now be summarised thus : 


Shallow-water depositn 
(between L.W. and 100 f.) 


Deep-Sea depoaita 
(below 100 f.) 


Gravels 
' Sands 
Muds 

'Qlauoonitio mud 
Diatomaoeous mud 
I „ ooae 
I Qkibigerina „ 
Radiolarian „ 
,Red Clay 


! Terrigenous deposits (oontalning 
detrital material). 

I Pelagic deposits. 


Except for the red clay, the pelagic deposits are almost entirely 
organic, and they fall into two groups consisting respectively of 
predominant calcium carbonate or amorphous silica. The cal- 
careous materials include immense quantities of coccolithophores, 
which are calcareous algis, the well-known coccoliths being thb 
separated plates of the skeletons ; foraminifera, chiefly Olobigerina 
and allied forms ; and pteropods. The work of the German Meteor 
expedition demonstrated that in the Atlantic the coccolithophores 
are of wide distribution in the ocean, but the Olobigerince lived 
almost exclusively in temperate or warm water. The solubility of 
the skeletons of these organisms, which are composed of calcium 
carbonate, increases with pressure and fall of temperature, that is, 
with increased depth of water. The siliceous organisms consist 
of four groups : diatoms, silioo-flagellates, radiolaria, and silioeous 
sponges. The diatom frustulee are exceedingly small and enter 
into deep-sea deposits only where other remains, such as calcareous 
skeletons, are diraolved away, and where mineral material derived 
from erosion of the land is slight — as for example in Arotio and 
Antarctic regions. The ooourrenoe of radiolaria in sea-water is 
similar to tlAt of othw plankton, but the main distribution of 
radiolarian oose in the Pa^c and Indian Oceans lies in the deeper 
regions, where the depth and low temperature have assisted in the 
solution of calcareous remains as they settle down. Beoently 
Dr. B. Neaverson has noted the presence of radiolarian oose among 
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the samples collected by Discovery II, from the South Atlantic, a 
first record. Of these deposits, the globigerina ooze and the dia- 
tomaceous ooze together occupy a large proportion of the ocean 
floor, the former fifty million square miles, extending down to a 
depth of 2600 fathoms, and the latter eleven million square miles, 
principally at a less depth and in the colder regions. But there 
remains a third deposit of even greater extent (fifty-two million 
square miles) — the red clay, which is confined to the deepest regions, 
like the radiolarian ooze. It is found mainly in the Atlantic Ocean, 
though why it should occur there, and the other very deep-water 
deposit chiefly in the Pacific and Indian Oceans, is at present not 
clear. The red clay is entirely mineral in character, consisting of 
particles of 2 microns (-002 mm.) diameter, together with finer 
clay material. It has been regarded as in part the insoluble residue 
of the skeletons of organisms, left after solution of calcium car- 
bonate, silica and other constituents by subsidence through the 
great depths. But its mineral constitution does not lend support 
to this view, nor is it borne out by the characters of the insoluble 
residues shown by chemical analyses of skeletons of marine animals. 
More probably it results from the slow accumulation of fine volcanic 
dust, which is blown over the ocean for great distances, and firom 
the decomposition of volcanic products such as ash, pumice and 
basalt, which have fallen into ocean waters. In addition, however, 
to minerals such as felspar and augite (and in the clayey portion, 
montmorillonite) which could be derived in this way, there are 
many tiny grains of quartz, a mineral unlikely to occur except rarely 
in products of oceanic volcanoes. The presence of these makes it 
seem likely that wind-blown material other than volcanic dust 
must reach the depths. Indeed, Stefansson observed that off-shore 
winds carried sand and even gravel far out on to off-shore ice, and 
others have recorded dust-falls derived from the Saharan region, at a 
distance of 1700 miles west of the African coast. In the great 1912 
eruption of Katmai in Alaska, a thickness of 6 mm. of volcanio dmt 
was deposited at 220 miles distance ; also, the effects of dust from 
Krakatoa carried three times round the earth in 1883 are still 
remembered. Further, it has been observed that in samples from 
both the Narrow Seas and the South Atlantic relatively coarse 
grains of quartz are buoyed up by filamentous masses of flooculent 
protoplasmic or other organic material and can travel thus for 
long distances in the sea. 

little work has been done on the constitution of the dayey 
fractions of pelagic deposits, but preliminary X-ray investigations 
by Professor C. W. Correns of Rostock showed that a wam ply 
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of red day ooUeoted by the Meteor is composed of kaolinite, oal* 
cite and muscovite mica. There is hare an eztendve field for 
investigation. 

When we recall how these pelagic deposits have arisen, we realise 
that the rate of accumulation must be extremely slow. Schott 
has estimated that in 1000 years a thickness of 17*8 mm. of blue 
mud, 12 mm. of globigerina ooze, and less than 8*6 mm. of red 
clay would be laid down. No surprise need be felt therefore at 
the oft-quoted statement that teeth of sharks dredged &om the 
ocean floor, of species now extinct, have been found to be covered 
with only a film of deposit. On the other hand, there is the sur- 
prising record of some inch or two of globigerina ooze foimd cover- 
ing the Atlantic cable when it was brought to the surfewe for repair. 
An inch of deposit in less than a century is almost incredible ; and 
we are obliged to consider the possibility of the cable having sunk 
in the ooze. 

For many years before the Challenger expedition the pioneer 
methods of Irattom-sampling by means of lead-sinkers were 
followed, but subsequent improvements in technique led to the 
recovery of samples in valved tubes, that is, small borehole samples 
were obtained. Even then, only the surface layer of the sea- 
bottom was penetrated. Efforts have therefore been directed to 
obtaining longer and still longer cores from the ocean floor ; the 
Meteor obtained cores 1 metre in length, and the SneUiue after- 
wards brought up cores of a length of 2 metres or more. The 
possibility of obtaining a stratigraphical succession of floor deposits 
is fascinating to geologists, because clues to changing conditions of 
fauna, climate and depth during geological ages may thus be 
yielded. 

One of our own most versatile invest^ators, the late Professor 
John Joly, of Dublin, devised a form of deep-sea apparatus for 
obtaining core-samples. More recently. Dr. C. S. Piggot, recog- 
nising the necessity of improving on the results obtained by the 
ill-fated American research ship Carnegie, has devised a new type 
of apparatus, by which the contact of the sampler with the sea- 
floor actuates the trigger of a firing mechanism and so forces the 
tube down farther than the few feet to which it would be driven 
by 'tilie momentum of the failing weight. Experimental woric 
indicates that cores from 4 feet to 8 feet 8 inches in length can be 
obtained from depths varying from 200 to 1250 fathoms. 

Already, however, the older method of corii^ has shown the 
psesenoe ^ diffenmt deep-sea deposits in superposition ; of globi- 
gnina ooae resting on blue mud, and of red clay overlying globigerina 
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ooze, as noted by Correns in his accounts of the Meteor samples. 
Now W. Schott’s statistical studies of the fauna of South Atlantic 
waters indicate that at a depth of about 26 cm. in the ooze, warm- 
water foraminifera such as Oloboroialia mmardii cease to occur, 
while Ohbigerina bulloides and 0. infiata which favour cooler but 
still temperate waters increase in quantity. This kind of faunal 
variation, already conjectured by Philippi, the geologist to the 
Qausa expedition, suggests that the deep-sea deposits can furnish 
evidence of a climatic change. That the variation is not due to 
the drifting currents is shown by the similarity of the present 
distribution in the Middle and South Atlantic of 0. buUoides in 
oceanic waters and in the superficial floor-deposits. It is possible 
that the underlying deposits from which Oloboroialia menardii is 
absent were laid down dming a recent cold period — ^perhaps the 
last phase of the Ice Age. Further, if we assume that the area 
occupied by the limeless red clay is extensive because cold deep 
waters are strongly solvent on calcareous skeletons, the fact that 
red clay overlies a globigerina ooze, which in turn overlies bods 
with warm-water forms, suggests that a warm period preceded the 
cold one. At the moment such conclusions may be speculative, 
but they point the way to promising investigations. 

Many years ago it was deemed probable that the deep-water 
sediments were more highly radio-active than terrigenous deposits, 
although there was some doubt regarding the early determinations 
of radium-contents by Joly and by Pettersson in the samples they 
examined, collected by the Challenger, Albatross, and Princess 
Alice II. More modem methods adopted by C. S. Piggot in the 
analysis of samples of globigerina ooze, red clay and blue mud 
collected by the Carnegie have shown that the earlier conclusions 
were well-founded. Only 28 sediments, obtained from stations 
scattered throughout the Atlantic Ocean, were tested by Piggot, 
— a small enough number to represent such a vast area. With a few 
exceptions the specimens proved to have an extraordinarily high 
concentration of radium as compared with that of continental 
rooks, such as ancient sedunents and granite, and even more so as 
compared with basalt. The general average of Piggot’s analyses 
shows 6-62 g. X 10~“ radium per gram of sediment ; for com- 
parison, an average for granite might be assessed at 2-5 x 10~^* 
and for basalt at 0*8 x 10~ although many granites give a figure 
more like that of basalt. Exceptionally high contents noted by 
Piggot in sediments from the deepest parts of the oceans, such as 
red clay, reached 21*40 x 10” and 16*72 x 

What is the source of this radium and what is the geophysical 
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significance of the relatively high content of the coating of the 
ooean-fioor t To elucidate the first problem, Figgot turned to 
minerals believed to be in process of formation in the depths, and 
chose some of the manganese nodules which reveal growth banding 
with trapped clay layers between the coats of manganese oxide. 
Uranium was found to be fairly evenly distributed throughout a 
nodule, and the radium-oontont was high, although it varied in 
the different constituents of the nodules. The problem is there- 
fore concerned rather with the parent uranium than with radium 
itself, and it has been suggested that the concentration is brought 
about by the numerous minute living organisms in the sea which 
extract, more or less selectively, the salts of uranium and radium 
from the sea-water, and incorporate them in their skeletons. When 
they die their remains take the radio-active material to the bottom 
with them. Piggot disagrees with this view, and also with that 
of Pettersson, who ascribed the high concentration to submarine 
vulcanism. The wanium in sea-water must come ultimately from 
igneous rocks which are broken down on land. It is of course 
in solution in sea-water, and if we ore to judge by the radium- 
content, it is in much the same proportions there as in ordinary 
rooks. Near the shore the radium-content of the sediments only 
approximates to that of the ordinary rooks of the continent ; thus 
the enrichment in depth cannot be explained by detrital accumu- 
lation. Moreover, as stated above, red cla3rs (which are the richest 
of the deposits) are believed to accumulate exceedingly slowly 
from decomposition of volcanic material, diluted perhaps by residues 
from skeletons of organisms and rare wind-borne detritus. Piggot 
suggests that although some uranium may be brought down by 
the settling of skeletal remains and volcanic dust, the greater 
proportion comes out as a result of oxidation at depth, for the 
oxygen-concentration in sea-water increases, according to the 
Carnegie's records, with depth below 1000 fathoms. On the other 
hand, in shallow water or near to continents sufficient organic 
matter is present to maintain the reducing conditions, which tend 
to keep the uroniTun in solution. The environment at the bottom 
of the ocean being of an oxidising rather than reducing nature, 
organic material disappears, and the water must be almost at 
saturation with respect to oxides of rironium. Thus there is a 
tendency fear them to separate out like the oxides of iron and 
manganese. 

data obtained by the Carnegie regarding this increase in 
ort^gen concentration throws light on various other phenomena 
and even on the colour and composition of the deepest deposit — 
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red clay itself, but they raise a difficulty when we try to explain 
the fresh and unoxidised condition of many of the minerals in 
deep-sea deposits. A considerable number of these minerals, as 
well as the fragments of volcanic glass associated with them, are 
of a type that is far from resistant to the effects of weathering, 
such as oxidation and hydration, on land. Reference is made 
below to the volcanic origin of most of such minerals. Well-known 
examples like olivine, augite, hypersthene, and biotite mica, are 
found in deep-sea sediments in a fresh unaltered state, often with 
crystal fac^ still sharply defined. Submarine “ weathering,” to 
use a contradictory term, cannot therefore proceed on the same 
lines as the corresponding process on the continents. If the con- 
ditions in deep waters are oxidising, we may ask what it is that 
inhibits the process analogous to weathering (the “ halmyrolysis ” 
of some authors). We can only suggest possible explanations of 
this ” stabilised ” condition of affairs ; for example, that (o) the 
waters are charged to saturation with carbon dioxide, (b) they are 
kept at an approximately low and relatively constant temperature, 

(c) the pressure is great, often exceeding 500 atmospheres, or even 

(d) light is absent. 

From the foregoing, it will have become evident that there 
are three possible sources for the mineral material of deep-sea 
sediments deposited beyond the reach of river-bome detritus, 
namely, (a) the products of volcanic eruptions, either submarine 
or wind-borne from terrestrial outbursts, (b) non-voloanio dust 
carried by wind from distant lands, and (c) detritus dropped from 
melting icebergs at extreme distances from their source. A little 
further consideration may now be given to the effect of volcanic 
action. 

Our attempts to penetrate the superficial layer of the ocean- 
floor are necessarily very limited, and the Ukelihood of establishing 
the nature of the foundation rook of the crust is remote. But 
indirect evidence is afforded by the submarine volcanoes which 
are numerous and widespread in the oceanic areas. Many are of 
immense size and some rise, like Mauna Loa in the Hawaian Islands, 
from the ocean depths to heights of 13,600 feet above sea-level. 
Indeed, most of the islands which lie far firom continental shores 
are composed exclusively of rooks which have cooled from the 
molten state, and mostly of rooks of volcanic origin as distinct 
from deep-seated origin, i.e. those that have solidified in the depths 
of the earth’s crust. The rook basalt, familiar to all in the Oiant’s 
Causeway and the Hebrides, is of commonest occurrence in oceanic 
islands, and the broad similarity of the chemical composition of 
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specimens from widely separated island localities points to deriva- 
tion firom a common sub-crustal region or shell. In some islands 
there is a sorting-out of mineral {i.e. chemical) constituents, known 
as differentiation, which leads to the formation by crystallisation 
of various rook-types, but these are rarities from the standpoint of 
total bulk. 

It is common knowledge that when lavas are emitted from 
volcanoes on dry land, they not infrequently (like Vesuvius, for 
example) float up fragments of the “ country-rock ” more or less 
baked and sometimes in part assimilated at their margins. The 
“ intrusive ” representatives of the lava, that is, the feeders which 
become consolidated before they reach the surface, contain many 
more such “ xenoUths.” In a country where the crustal rocks 
are concealed by the volcanic pile, useful information is thus afforded 
of the nature of the superficial crust. But in oceanic areas such 
xenoliths of continental rooks are very scarce or not found in the 
lavas, the records that exist being non-proven. Hence has arisen 
the view that the foundation of the ocean is the same as that below 
the continental masses (or suU), namely, the sub-crustal layer of 
approximately basaltic composition known as the aima. Support 
for this deduction is afforded by the rate of propeigation of earth- 
quake waves. 

Volcanoes on land, or below the sea in maritime areas, are 
frequently of explosive type, the rocks being blown to fragments, 
even to dust, and the products distributed over a relatively wide 
area. The fragmental materials there consist of broken-up crystal- 
line or glassy lava or disintegrated continental rocks. In the case 
of submarine volcanoes it is reasonable to suppose that if explosive 
action occurs (although it may be damped down by the great load 
of the ocean), the products would be distributed throughout the 
deep-sea sediments at present being laid down. Now examination 
of large numbers of these deposits from all over the ocean floor 
brings out the fact that (if we except certain occurrences not very 
far from land, or wind-bome, as mentioned previously) the detrital 
minerals are those confined to igneous rocks and frequently to lavas. 
Minerals which could have been derived only from ancient sedi- 
mentary and metamorphic rooks, like those which make up the 
continents, are strikingly rare. 

In the reports of the Challenger expedition some forty or more 
minerals were recorded from deep-sea deposits. All could have 
been derived from volcanic or intrusive rooks, or by growth in 
place : not one species is peculiar to continental rocks. The genera) 
impression given by the assemblage of minerals is intensified by 
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the oft-recorded presence of volcanic glass, tuff, palagonite and 
pumice. It would be inappropriate to a general review such as 
this to cite long lists of minerals or to describe their characters. 
It b probably of more interest to pass on to a brief consideration 
of some of the newly-constituted minerals now being formed on the 
sea-floor. 

The problem of the mode of formation of such authigenio minerals 
in sediments has long fascinated geologists. The term authigenic 
denotes those minerals which have been formed in place, either 
contemporaneously with the sediment or at a later date, as distinct 
from the detrital minerals derived from the breaking-up of pre- 
existing rocks. The Challenger expedition discovered several 
authigenio minerals in deep-sea deposits, among them being glau- 
conite, calcium phosphate, phillipsite and other zeolites, and 
manganese oxide (in manganese nodules). Among similar minerals 
believed in some oases to be of authigenio origin in ancient sedi- 
mentary rooks are soda-felspar (albite), potash-felspar (orthoolase 
and miorooline), chlorite, epidote, pseudo-sillimanite, sphene, tour- 
maline and others, many being somewhat complex silicates. We 
still hope that a more intensive study of deep-sea sediments may 
throw light on their mode of origin and perhaps even reveal them 
in actual process of formation. Recently, two interesting and 
unexpected authigenio minerals new to science have been discovered 
by Messrs. F. A. Bannister and M. Hey, in samples collected by 
the Scotia from the Weddell Sea. From a careful study of the 
chemical composition, optical properties and X-ray spectrograms 
of some minute crystals found in the samples, these investigators 
have described “ envelope ” crystals of a calcium oxalate dihydrate 
from a depth of 2400-2700 fathoms. Somewhat similar crystals 
have been found in cells of plants, in the gall of mammals and 
flsh, and in renal calculi. The chemical composition of these 
deep-sea crystals suggests an origin in which organic processes 
played a part. They appear to have been formed in muds on the 
sea-bottom, here in an area of increased salinity, corresponding to 
a slight undersaturation of calcium carbonate. A second group 
of crystals, similarly investigated, proved to have the composition 
of hydrated calcium citrate. The mineral has been named “ Ear- 
landite ” in honour of the distinguished worker on foraminifera, 
who found them among the organic remains in samples he was 
examining. As calcium citrate has been found in plants, the 
presence of impurities such as Sr, Ba, Mg, Mn, Fe and C!u in the 
mystals may be significant. They came from a depth of 1410 
fathcmiB and are of veiy restricted distribution; their origin is 
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oonjeotural. Bannister and Hey also found crystals of gypsum 
(CaS 04 ' 2 Ht 0 ) in samples collected by the Discovery in the Wedddl 
1^ in 1925, from a depth of 2800 fathoms. These gypsum crystals 
are of lenticular form up to 2 mm. in length. Although they have 
not previously been found in ooeanio deposits, they have been 
knovm for many years to be authigenic constituents of the muds 
of the Mersey Estuary. Their formation in the Weddell Sea, like 
that of the two new minerals mentioned, points to peculiar con* 
ditions, perhaps of deep-sea lagoonal character. 

In review, we see in the history of the earth the operation of 
repetitions of the geological cycle of rook-erosion (earth-sculpture), 
transport and deposition of sediment, and earth-movement leading 
to uplift. The interaction of the atmosphere, hydrosphere, and 
lithosphere, assisted by the thermal energy of the sun and the 
gravitational influence of the moon, results in the disintegrating 
work of frost, rain, wind, changes of temperature and the waves. 
The geologists’ music of the spheres, though not without harmony, 
resolves itself into two clear refrains— -of degradation on the surface 
of the exposed earth-crust, and synthesis on the sea-floor. But 
the process of reconstruction is efiected with impoverished materieds, 
for the decomposition of rocks and minerab proceeds both mechanic- 
ally and chemically, and the soluble products pass out of the 
geological cycle to a considerable extent by accumulating in ocean- 
waters. All the known chemical elements are doubtless present 
in solution in the sea, but whilst calcium, silicon, iron, phosphorus, 
copper and others are extracted to a greater or less extent by 
organisms, elements such as sodium, chlorine and nitrogen accumu- 
late. Against this increasing salinity of the sea, we must set off 
the formation of authigenic mineralB on the sea-floor, but we have 
no reason for thinking that this process bulks largely. A certain 
amount of compensation for the loss of soluble materials from the 
geological cycle is afforded by the delivery from sub-crustal reser- 
voirs of new rock-material by volcemio action, but we have no 
means of assessing its effect in restoring the balance. 

Prediction is dangerous, but we may go so far as to ask ourselves 
whether the pointers in geology are suggestive of an irreversible 
trend to an uninteresting uniformity. On the earth’s crust, the 
breaking-down of minerab and rooks, many of which are complex 
aUioates, results in the liberation of the elements which form more 
soluble oompoimds, the alkidies, oaloimn, magnesium and so forth. 
The insolubte residues are ultimately of clayey character, such as 
hydrated silioates of aluminium and oxides of aluminium and 
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iron. Hitherto, we have distinguished between mechanical dis- 
integration and chemical decomposition as processes of degradation, 
but recent investigations by Professor A. Brammall of the Imperial 
College of Science and Technology, as beautiful in their simplicity 
as they are significant in their wide repercussions, have abolished 
that distinction. For Professor Brammall has extended the work 
of Tamm and Stevens by demonstrating that fine grinding of most 
common rock-forming minerals brings them into a condition when 
they are hydroscopic and become partially dissociated in water, 
BO that the elements of the alkalies and alkaline earths are liberated. 

Ultimately, then, the finer suspended material which reaches 
the deeper parts of the sea consists almost exclusively of simple 
hydrated silicates of aluminium in a fine state of division, that is, 
clay. In addition to this detrital accumulation there are the 
deposits of calcareous and siliceous materials formed by organisms. 
It would seem that there is thus an almost comidete differentiation 
into a solution (sea-water) rich in its diverse dissolved elements, 
and “ dull ” floor-deposits of very restricted composition. Such 
must bo the tendency unless synthetic processes are proceeding in 
the depths to form new minerals. J. L. Thi6baut claimed to have 
proved in 1926 that marine clays wore usually composed of complex 
silicates of aluminium, iron, potash, calcium and magnesium, in 
contradistinction to fresh-water clays which are largely silicates of 
aluminium with a little iron and magnesium. We may ask then 
— or formulate the question as a problem for investigation — ^whether 
the elements in sea-water are being restored to the accumulating 
simple clays in the depths of the sea, a region termed by Correns 
“ Nature’s laboratory,” although perhaps to speak of “ factory ” 
would be more appropriate. But in the meantime even our small 
knowledge of the processes at work conAdnces us, with Shakespeare, 
that ” clay and clay differ in dignity.” 



TRANSFORMATIONS OF ATOMIC 
ARRANGEMENT IN ALLOYS 

By E. J. williams, D.Sc. 

The UnivereUy of Liverpool 

An article by Dr. A. J. Bradley [IJ, published in this Journal 
about three years ago, described the effect of heat treatment on 
the arrangement of the atoms in certain alloys. At low tempera- 
tures the atoms of the different metals in the alloy arrange them- 
selves in an orderly way, such that atoms of one kind are interspersed 
with those of another as far as possible. At high temperatures 
this order tends to disappear, and in certain cases the various kinds 
of atoms are randomly distributed as if there were no difference 
between them. This transformation of the atomic arrangement in 
an alloy due to change of temperature, and its association with 
anomalies in the specifio heat and the electrical resistivity of the 
alloy, are now well established, and apart from details the phe- 
nomena have been satisfactorily explained on the basis of atomic 
and kinetic theory. This theoretical treatment is of particular 
interest in that it shows the possibility of applying atomic and 
kinetic theory in a quantitative way to metallurgical problems. 
It is to be hoped that it will prove the forerunner of further applica- 
tions in metallurgy, where there has so far been little guidance 
from physical theory of this kind. In the present article, which 
may be regarded as a sequel to that of Bradley’s, a general account 
of the “ order-disorder ” transformation is given, of its theoretical 
treatment and of recent experimental work. 

In a solid the points representing the mean positions of the 
atoms are regularly arranged in space. They form a lattice which 
conforms to some simple geometrical pattern. If the solid is a 
chemical compound then in addition to this regularity in the spatial 
distribution of the position of the atoms, or what may be called 
the atomic ^tes, there is a regularity in the way in which these 
sites are occupied by the different kinds of atoms. This order is 
such that if, for instance, we proceed along a line of lattice points 
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the atoms of different kinds recur at regular intervals. This neces- 
sitates and goes hand in hand with the existence of a simple ratio 
between the numbers of the different kinds of atoms present. 
Both circumstances arise from the fact that the cohesive forces 
keeping the substance together are forces of attraction between 
one kind of atom and another. An orderly arrangement such 
that certain atoms are next to each other in the lattice is in fact 
essential to the very existence of the substance. As an example 
we may take sodium chloride. Here the atomic sites form a simple 
cubic lattice. The binding is due to the attraction between the 
positively charged sodium atoms and the negatively charged chlorine 
atoms. This ensures an orderly arrangement of the atoms such 
that along the continuation of a line joining one atomic site to the 
one nearest to it sodium and chlorine atoms occupy alternate places. 

An alloy differs from a chemical compound in that the atoms 
of the different metals constituting it are not necessarily present 
in a simple numerical ratio — the ratio may have a continuous 
range of values — nor does the orderly arrangement of the different 
atoms amongst the atomic sites always exist. These are experi- 
mental facts which have been conclusively proved by X-ray analysis 
of the atomic structure of alloys. The general explanation is that, 
in contrast with a chemical compound, the cohesive forces in an 
alloy are forces of attraction between the ionised atoms on the 
one hand and the free electrons resulting from their ionisation on 
the other. The atoms of different kinds play the same r61e — they 
provide free electrons and are then attracted by them.^ There 
axe of course differences of degree between the various kinds of 
atoms present. Atoms of one kind may provide a different number 
of free electrons per atom from the other kind of atoms present. 
Besides leaving the different kinds of atoms with different charges 
this would also make the density of the free electrons depend very 
much on the atomic ratio. Even if the degree of ionisation is the 
same the outer electronic structure of the different kinds of atoms 
will differ to some extent, giving them, in effect, a different 
sire. It is these quantitative differences that limit the range of 
possible values of the atomic ratio, and which tend to make the 
different kinds of atoms in an alloy distribute themselves in an 
orderly fashion on the lattice of atomic sites. The important 
point is that these differences are not what is responsible for the 
existmioe of the alloy, and the ordering forces to which they give 
rise are weak in comparison with those in a chemical compound. 

^ A full account of the nature of cohesion in metals and alloys was given 
in an article by Professor N. F. Mott in the January number of this Journal. 
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Alloys of iron and aluminium provide a good example of the 
above features. The composition of such alloys can be varied 
continuously from pure iron to the comjK>8ition FeAl. Over the 
whole of this range the alloy is strictly homogeneous. No addi- 
tional phase is formed, the arrangement of the atomic sites remain- 
ing the same throughout, vtz., body-centred cubic. The addition 
of aluminium mer^y increases the fraction of the sites occupied 
by aluminium atoms. 

When the atomic ratio in an alloy is incommensurate then 
evidently an absolutely regular distribution of the atoms amongst 
the atomic sites is impossible. What is important, however, is 
that even when the ratio is simple such regularity does not neces- 
sarily exist. The iron-aluminium alloy with the simple com- 
position Fe^A.1 is an example. At room temperature this alloy 
(if in equilibpum) is ordered. Every fourth atom along a diag- 
onal of the cubic structure is aluminium, the sequence being 
. . . AlFeFeFeAlFeFeFeAlFeFeFe . . . At high temperatures this 
regularity breaks down, some of the aluminium atoms leaving their 
positions of “ order ” to replace some of the iron atoms in the 
3rd, 7th, 11th . . . positions along this line, a possible sequence 
being . . . AlFeFeFeFeFeAlFeAlFeFeFe . . . 

The evidence for the disordering in Fe,Al was obtained by 
Bradley and Jay [2] using the method of X-ray analysis. In this 
method the onset of order is signified by the creation of new 
orientations at which a crystal of the alloy will reflect X-rays. 
In addition to the lattice of atomic sites the ordered arrangement 
of the atoms amongst these sites defines another lattice, with a 
bigger spacing (depending on the distance between similar atoms). 
This has been called a superlatlice, and it is this that gives rise 
to the new reflections. 

The demonstration of the effect of temperature on the order 
of atoms in an alloy by this direct method of X-ray analysis was 
first made by Johannsen and Linde [3] in 1925. They investigated 
an alloy of copper and gold with the simple composition Cu,Au. 
The atomic sites in this alloy form a face-centred cubic lattice. 
Such a lattice may be regarded as a superposition of four identical 
interpenetrating simple cubic lattices. Johannsen and Linde found 
that at high temperatures (about ^00“ C.) the gold and copper 
atoms are randomly distributed amongst the atomic sites. On the 
other hand at 800° C. a superlattice forms, the gold atoms s^;re- 
gating to one of the four component lattices, the copper atoms to 
the other three. 

Before these expmments there was no direct evidence for the 

o 
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setting in of a more ordered arrangement of the atoms in an alloy 
as its temperature is reduced. The existence of the phenomenon 
had, however, already been inferred by Tamman [4] in 1919. The 
electrical resistivity of the alloy Cu,Au was known to decrease 
rapidly with decreasing temperature in the neighbourhood of 
400° C. (the curve in Fig. 1 represents the results of recent experi- 
ments by Sykes and Evans [5]). To explain this Tamman assumed 
that in the region of 400° C. the atoms of Cu,Au rearrange them- 
selves in a more orderly fashion, and that the ordered arrangement 
gives the alloy a much smaller resistance. As mentioned above 
the experiments of Johannsen and Linde bear out this hypothesis, 
though their observations do not prove that the formation of a 
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superlattice in their ex- 
periments (which indicates 
ordering) takes place in 
precisely the same tempera- 
ture region as that in 
which the resistance drops, 
f Subsequent work, and es- 
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18 one of the fundamental 


requirements of the quantum-mechanical theory of conduction 
that such ordering should reduce electrical resistance. 


By virtue of this connection between the resistance and the 
order, resistance measurements such as those represented in Fig. 1 
can be used to make a closer study of the process of ordering than 
is practicable by the direct method of X-ray analysis. These 
resistance measurements, in fact, reveal in a striking fashion the 
outstanding property of the phenomenon. This is the existence 


of a critical temperature at which ordering suddenly starts when 
the alloy is being cooled. It is represented by the point C in the 


resistance-temperature curve in Fig. 1. On the low temperature 
side of this point the curve falls rapidly, indicating the sudden 
onset of order at a sharply delSned temporature. The actual 
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oritioal temperatures for oerttun alloys are 386° C. for CuaAu, 
470° C. for CuZn, and 660° C. for Fe*Al. 

The existence of a critical temperature in the order-disorder 
transformation is also made evident by a discontinuity in the 
specific heat of the alloy. The curve in Fig. 2 represents recent 
experimental results obtained by Sykes [7] for CuZn. In all cases 
the sudden rise in the specific heat takes place at the same tem- 
perature as that at which there is a drop in electrical resistance, 
showing that like the latter it is the result of a disorder-order 
transformation in the alloy. 

The large specific heat below the critical temperature means 



Fio. 2. — Observed variation of Hpocific heat of CuZn with temperature (Sykes). 

that the ordering which takes place as the alloy is cooled is accom- 
panied by the evolution of energy. It shows that the ordered 
state is one of lower internal energy than the disordered state. 
This, however, also follows from the simple fact that order sets 
in at all. For thermal agitation always promotes disorder, and 
should that state be also the state of lower energy there would 
be no circumstance tending to set up any other regime. Disorder 
wotild exist at all temperatures. To account for order setting in 
at all we have to assume that the internal energy of the alloy 
decreases with increasing degree of order. We may accordingly 
think of an “ ordering ” energy (V) which may be defined as the 
decrease in internal energy of the alloy when two atoms change 
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places on the lattice so as to increase the degree of order. The 
equilibrium state of the alloy will then depend on the relative 
values of V and the energy of thermal agitation. The latter, per 
atom, is of the order of jfcT where k is the gas constant per atom. 

An interesting and important aspect of the order-disorder 
transformation is the limited rate at which it can proceed. If 
for instance the temperature of an alloy is suddenly changed from 
T' to T"" the equilibrium atomic arrangement characteristic of T*' 
will not be set up immediately. There is a certain degree of lag. 
For OuZn in the region of the critical temperature this lag — or 
what is often called the “ time of relaxation — is only a fraction 
of a second. For GujAu on the other hand it is of the order of 
several hours. The existence of such a lag arises from the finite 
rate at which the atoms of the alloy change places on the lattice. 
This interchange of places is of course the essential mechanism of 
the order-disorder transformation. It is also responsible for cer- 
tain types of intermetallic diffusion. It is of interest that when 
an atomic interchange is taking place the atoms concerned are at 
that instant not situated at the regular lattice points. There is 
a kind of local breakdown of crystal structure. It may be shown, 
however, that the fraction of atoms in the alloy which at any instant 
are taking part in these interchanges is negligible,' and the solid 
structure is not seriously threatened by these movements even at 
temperatures near the melting-point. 

The existence of a finite time of relaxation, and its rapid increase 
with decreasing temperature is of great importance in the study 
and application of the order-disorder transformation. For instance, 
by cooling an alloy through the region of the critical temperature 
in a time small compared with its time of relaxation in that region 
the disordered state can be preserved down to room temperature. 
At this lower temperature the approach to equilibrium is so slow 
that the state is virtually permanent. In this way it is possible 
to investigate the atomic arrangement characteristic of high tem- 
peratures by measurements on a cold specimen of the alloy. This 
has been the principle of most of the X-ray investigations hitherto 
made. Another consequence of the finite time of relaxation is that 
an alloy cooled and reheated through the critical region will show 
hysteresis effects, the magnitude of which will depend on the ratio 
of the time of relaxation to the times of heating and cooling* If 

' The time an atom takes to move to a new site when such a movement 
takes place is of the order of a period of oscillation, while the time it stays 
in the same site is of the order of the time of relaxation. The above fraction 
is the ratio of these times. 
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the rates of change of temperature are sufficiently slow to enable 
the alloy to attain its equilibrium conhguration at every tempera- 
ture, then there is no hysteresis and the transformation is perfectly 
reversible. 

Space prevents further discussion of this more practical aide 
of the order-disorder transformation. We shall now proceed to 
consider the general theory of the more important features of the 
order-disorder transformation for an alloy in equilibrium.^ 

Existence of a Critical Temperature . — It is at first difficult to 
see why, as an alloy is cooled, the ordering forces completely fail 
to set up any degree of order until the sharply defined critical 
temperature is reached. We have referred to an ordering energy, 
V, emd the existence of such energy would mean some degree of 
order however high the temperature. 

The solution of the difficulty lies in the fact that when there 
is no order at all, t.«. when the different atoms are randomly 
distributed on the lattice, there is statistically no ordering force, 
t.e. V = 0 [8, 9]. To see this let us consider an example. In 
CuZn the atomic sites form a body-centred cubic lattice. This 
can be regarded as two inter-penetrating simple cubic lattices, the 
lattice points of the one (a) being at centres of the elementary 
cubes formed by the lattice points of the other (/3). In the com- 
pletely ordered alloy the Cu atoms are at the points of one lattice, 
which we may arbitrarily suppose to be the a-lattioe, while the 
Zn atoms occupy the other (fi), A copper atom is then surrounded 
by 8 zinc atoms and vice-versa. If a copper atom in this ordered 
structure is interchanged with a zinc atom it experiences a com- 
plete change of neighbours. It will now be surrounded by copper 
atoms. There is thus a very big difference between its position 
of “ order ” on the a lattice, and a position of “ disorder ” on the 
P lattice. Under these conditions the ordering force is veiy strong. 
Now when the Cu and Zn atoms ore randomly distributed all 
lattice points are statistically identical, and there is no tendency 
for the Ou atoms for instance to occupy points on the a-lattice 
any more than points on the /3-lattioe. There is nothing to dis- 
tinguish the two lattices, so that the ordering force vanishes, i.e. 
V aa 0. It is only when atoms of one kind already occupy one 
lattice more than the other that the two lattices are distinguishable. 

This result — ^that when the alloy is completely disordered there 
is no tendency to produce order — ^means that complete disorder is 
an equilibrium state whatever the temperature. It must, how- 

* Vot a detailed dismission of the various theoretical investigations of 
this problem see reference [11]. 
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ever, be a state of stable equilibrium if it is actually to exist.* 
To test its stability suppose a small degree of order, <5S, be created, 
so that copper atoms occupy one component lattice (a, say) to a 
slightly greater extent than the other.* This will distinguish the 
two lattices and give rise to a small ordering energy 6V. The 
disordered state is then stable if dV is too small to maintain the 
degree of order dS. Whether this is so, or not, depends on the 
strength of the tlisordering force, i.e. on the thermal agitation.’ 
This decreases uniformly with the temperature and accordingly 
there will be a temperature, T', at which the ordering energy SV, 
set up by a small degree of order dS, is just sufficient to maintain 
that degree of order against thermal agitation. Above T' thermal 
agitation predominates and the alloy returns to its disordered 
stote, which is therefore a state of stable equilibrium. At T' it 
is one of neutral equilibrium — ordering is incipient. Below T' 
is more than sufficient to maintain the small degree of order ^ 
which gives rise to it. The order therefore increases further, so 
that the disordered state is now unstable. This, in general terms, 
is the explanation of the existence of a critical temperature in the 
phenomenon of order-disorder transformations in alloys. It essen- 
tially depends on the recognition of the fact that the ordering 
force vanishes with the degree of order. 

It is of interest that there are at least two other critical tem- 
perature phenomena very similar to that under discussion. One 
is ferromagnetism. Here the Curie-point is a critical temperature 
above which iron is non-magnetic, the elementary “ magnets ” 
being randomly orientated. As the temperature is reduc^ the 
magnets suddenly start to align themselves at the Curie-point. 
The explanation is in principle exactly the same as that of the 
critical temperature in alloys. When the elementary magnets are 
randomly orientated there is no systematic force tending to make 
them point in any particular direction, because all directions are 
statistically equivalent unless a certain degree of alignment already 
exists. This is very similar to the state of affairs in alloys where 
we have no ordering force in the disordered alloy, because the 
component lattices to which the different atoms are segregated 
when the alloy is ordered are equivalent when there is no order 

* ThiB condition is not always sufficient but this point can be negated here. 

* In an actual alloy such displacements from the state of complete disordor 
take place through statistical fluctuations. 

* It does not depend on the actual magnitude of the displacement. For 
while the ordering energy ()V is proportional to dS, the ordering energy 
required to maintain dS is also proportional to 68, It is . the ratio dV/dS 
tliat matters. 
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at all. The other phenomenon of this kind concerns the orienta- 
tion of dipole molecules in certain inorganic compounds [10]. 
Regular orientation and the cessation of rotation of the dipoles 
start at a definite critical temperature. Here again the ordering 
force, which is the macroscopic electric field of the oriented mole- 
cules, vanishes when there is no orientation. 

For a quantitative treatment of the order-disorder transforma- 
tion in alloys the degree of order must be clearly defined. Let 
the alloy consist of two metals A and B whose atoms are present 
in a simple ratio r : {1 — r). When there is complete order the 
A atoms occupy one set of atomic sites (a) and the B atoms another 
set (/3), the two sets of sites forming two interpenetrating lattices. 
In this ordered state the probability that an a-site is occupied by 
an A atom is unity. When there is complete disorder it is evi- 
dently equal to r. When there is partial order it will have some 
intermediate value, p, and we define the degree of order as 

S = (p - r)/(l - r) . . . . (1) 

This makes S unity for complete order, and zero for complete 
disorder. 

The value of S at any given temperature depends on the ratio 
of the ordering energy, V, to the energy of thermal agitation, 
and can be calculated from kinetic theory. In this calculation it 
must, however, be remembered that the ordering energy is itself 
controlled by the degree of order. We have indeed seen that the 
vanishing of V as complete disorder is approached is the reason for 
the existence of a critical temperature. In the calculations which 
have been made along these lines [9] a simple proportionality 
has been assumed between V and S, t.e. 

V = V,S (2) 

This follows naturally if we suppose that there is a greater attrac- 
tion between unlike atoms than between like atoms, and that the 
forces between two neighbouring atoms are independent of the 
degree of order (of. equation 5 below). 

The variation of the degree of order with temperature to which 
the above relation gives rise, in the case of r = ]) (e.g. CuZn) is 
shown by the curve (a) in Fig. 3 [9]. The point A marks the 
critical temperature. Below A the ordering is so rapid that it is 
within 26 per cent, of being complete at a temperattue of 0*8Te. 

The rapid rise in the order-temperature curve below the critical 
temperature is in qualitative agreement with the observed jump 
in the speoifiq heat of the alloy and with the rapid decrease in its 
eleotrioal resistance in this region. A quantitative comparison 
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with the latter is at present not possible because the exact relation 
between the electrical resistance and the degree of order is not 
known. The thermal behaviow can, however, be directly calculated 
from the order-temperature curve and the value of Vo (equation 2). 
A fairly close comparison with experiment has been made for 
CuZn [11]. As regards the total energy evolved during the process 
of ordering, its calculated value for this alloy is 740 calories /gm. 
atom, the experimental value obtained by Sykes [7] is 600 i 60. 
The actual rate at which this energy is evolved — that is, the shape 
of the curve representing the variation of anomaloiis specific heat 
with temperature, as distinct from the total area under the curve 
— ^is not BO satisfactorily given by the theory. This, however, is 
to be expected, as the shape of the specific heat curve is very sensi- 



tive to the form of the relation between V and S, while the assump- 
tion that the latter is linear (equation 2) is rather arbitrary. The 
discrepancy is such that the calculated jump in the specific heat 
at the critical temperature is too small. The theory can be formally 
rectified by assuming a slightly faster increase of the ordering energy 
with degree of order. Actually V cc (S -j- pS‘) where g 0*26 
would appear to be a sufficient modification [12]. 

It is important to notice that whether an alloy exhibits an 
order-disorder transformation or not depends on the value of V», 
because this determines the critical temperature. The calculated 
critical temperature in degrees absolute is roughly 0*2V*/4, the 
numerical factor depending to some extent on the type of strao- 
ture, t.c. on r, but not very much. If now V* is so large that 
O-ZVn/k is greater than the mdting-poirU, the alloy will remain 
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ordered at all temperatures, resembling a chemical compound. 
On the other hand, if 0‘2V»/ifc is small — ^less than a temperature 

of the order of 600® K. — ^the alloy will in practice always be 
completely disordered. Ty marks the region of temperature at, or 
below, which atomic interchanges take place too infrequently to 
enable the atomic arrangement to change appreciably in any 
reasonable time, even though it bo far from the equilibrium 
arrangement. At T, — which depends to some extent on the alloy 
and is of course not sharply defined — the atomic arrangement 
becomes permanently “ frozen in.” Though an ordered arrange- 
ment becomes an equilibrium state at lower temperatures it will 
not be formed. Thus an order-disorder transformation will be 
observed only if the critical temperature (~0-2Vo/l:) is greater 
than T,, and less than the melting-point of the alloy. This 
means a value of Vo between about 0-2 and 0-6 volts. This 
condition is what limits the number of alloys which exhibit the 
phenomenon. 

The Ordering Force and Local Order . — The ordering force in an 
alloy may be attributed to the affinity between unlike atoms being 
greater than that between like atoms. This tends to make unlike 
atoms occupy neighbouring points on the lattice structure, giving 
rise to what may be called an order of neighbours. We may define 
such order as <t =* (tn — where m is the number of 

pairs of unlike neighbours in the alloy, mi is the value of m for 
complete disorder, and mt is its maximum possible value. This 
order of neighbours is not the same as the order we have hitherto 
considered and denoted by S (defined by equation 1). The latter 
represents the segregation of the different kinds of atoms to differ- 
ent component lattices, th^by forming a superlattioe. This 
‘‘ superlattioe ” order is what sets in at the critical temperature. 
Such order of course implies order of neighbours. Actually the 
order of neighbours, a^, corresponding to a superlattioe order, S, 
may be shown to be [12] 

<T, - S‘ (8) 

The point of interest is that the order of neighbours in general 
exceeds o, on account of a local association of unlike atoms over 
and above the superlattioe effect. For example, above the critical 
temperature no superlattice order exists, but this evidently does 
not preclude unlike atoms from assoriating, at least to some extent. 
Denoting this local order of neighbours by oj the total order of 
neighbours is 

a *= o, -f- Oi »» S* -f oj • • • (4) 
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The existence of this local order does not affect the genersd explana* 
tion which we have already given for the onset of superlattice order 
at a sharply defined temperature. This explanation depends on 
the vanishing of the superlattice ordering energy (V) with the 
degree of superlattice order. This is still true because the local 
order, ctj, does not contribute to the energy V. If, for instance, 
following Bethe [13], we assume that the ordering is due solely to 
the forces between neighbouring atoms (which gives local order its 
extreme significance) the average value of the ordering energy V 
may be shown to be given by [12] 

V = r(l - r)Z(V,^ + - 2V„,) x S . . (6) 

Here r has its earlier meaning. Z is the number of nearest neigh- 
bours for every atom (8 for a body-centred cubic lattice such as 
CuZn). Voa is the mutual energy of two neighbouring A atoms, 
Vjj, of two B atoms, and Voj, the mutual energy of two unlike 
neighboiirs. The important point regarding the critical tempera- 
ture is the vanishing of this expression for V with S. 

Though local order does not affect the general character of 
the order-disorder transformation, its recognition and treatment 
by Bethe [13] marks an important step forward in the theory 
of these transformations. It has also brought to light a new 
feature, viz. a small abnormal specific heat a6ove the critical 
temperature. This is difficult to test quantitatively but that 
it does exist is borne out by Sykes’ experimental results for 
CuZn. These are represented in Fig. 1, where the specific heat 
above the critical temperature is seen to be distinctly above the 
normal. 

Tranaformation with Latent Heat . — ^The theory of the order- 
disorder transformation, assuming V oc S (equation 2), leads to the 
interesting result that for alloys with r = J, such as Cu^Au, a 
finite degree of order is established at the critical temperature, [0, 11] 
in contrast with the results for alloys with r — { (such as CuZn). 
The actual calculated variations of the degree of order with tem- 
perature for these two types of structures are represented respec- 
tively by the curves (6) and (a) in Pig. 3. The establishment of 
a finite degree of order at the critical temperature, for r = is 
represented by the vertical rise in the curve (6) at T„. This result 
means that as such an alloy is cooled a finite amount of heat is 
liberated at the critical temperature, resembling the phenomenon 
of “ latent heat ” in a liquid-solid transformation. 

Careful observations have recently been made by Sykes and 
Jones [6] on the order-disorder transformation in Cu,Au, with the 
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object of testing this latent heat ^ prediction of the thewy. They 
took special care to obtain results which refer to the alloy in its 
equilibrium state. This is very important because if the alloy is 
cooled quickly the finite amount of heat which might otherwise 
be given out at the critical temperature will be spread out over 
a range of lower temperatxires. The results obtained by Sykes 
and Jones show fairly conclusively that the transformation in 
CujAu is one with latent heat, in agreement with the calculations. 
Their estimate of its magnitude is 130 calories per gram-“ molecule.” 

The curves (a) and (6) in Fig. 3 were calculated neglecting the 
effect of local order. The same difference between r = i and r = J 
however also comes out of the theory when this type of order is 
allowed for [14]. In both types of calculations the existence of 
a latent heat for r — J is the result of a peculiarity in the varia- 
tion of the entropy of the alloy with degree of order rather than 
in the variation of its internal energy with order. This is in con- 
trast with the phenomenon of melting, where the discontinuous 
change of state from solid to liquid is probably due to the very 
high internal energy of any intermediate state and not to a low 
entropy. 

In concluding this article we may refer to some of the problems 
connected with the order-disorder transformation which have yet 
to be dealt with or whose existing treatment is not complete. 
One is the behaviour of alloys whose composition departs from 
a simple atomic ratio, the main questions being the dependence 
of the critical temperature on the composition, and the possible 
separation into two phases during cooling. What is desired in this 
connection is a theory based on some simple and natural assump- 
tions regarding the forces between individual atoms. A point of 
minor importance is the dependence of the entropy of atomic 
vibration on the degree of order. This must be investigated before 
the existing experimental results for the thermal effects can be 
accurately interpreted.* Problems of more theoretical interest are 

* The term *' latent heat ” is really not an appropriate one for distinguish- 
ing this type of transformation from that for r {. In both oases there is 
latent heat in the true sense of the word — being the heat latent in the dis- 
ordered alloy. The term is used here to denote the liberation of a finite 
amount of this latent heat at one temperature. 

* This could be investigated for instance by observations on the specific 
beat of the quenched disordered alloy and of the ordered alloy at very low 
temporatures, in order to determine the difference 30 between their respective 
characteristic temperatures. The increase in the entropy of vibration when 
disordering takes place is then, under certain assumptions, equal to S0O/0 x k. 
The corresponding increase in the entropy of the atomic arrangement is 
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the dependence of electrical resistance on the degree of order, and 
the absolute magnitude of the ordering energy Vo (which depends 
on the mutual energy of diflperent atoms in the alloy). These come 
within the scope of the quantum-mechanical theory of metals and 
of metallic conduction.^ Lastly we may mention the dynamical 
problem of the approach to equilibrium. Recent experiments by 
Sykes and Jones [6] on Cu,Au have cleared up some of the diffi- 
culties regarding this process, but there are still some obscure 
points, such as the relation of the rate of change of atomic arrange- 
ment to the rate of inter-metallic diffusion. 
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approximately 0'7ib, the exact numerical factor depending on the structure. 
The ratio of the two is accordingly about 466/0, which may in some oases 
be quite appreciable. 

» Added in Proof. Recently Mott {Proc. Phys. Soc., 49, 268, 1937) has 
made an estimate of the difference in energy between the disordered and 
ordered alloy of CuZn. This difference is closely related to Vq. Its theo- 
retical value according to Mott’s oalcuJations is 0*040 electron-volts per atom 
of the alloy. The observed evolution of heat due to the ordering which takes 
place below the critical temperature is 0 026 e.v. [7, 11]. To compare with 
the theoretical estimate we must add to this about 0 006 e.v. due to the 
ordering which takes place above the critical temperature. The total is then 
0*030 e.v., in satisfactory accord with Mott's approximate estimate. Mott 
also gives reasons for supposing that the difference between the mutual 
energies of unlike and like atoms increases with the degree of order. This 
also fits in with the experimental facts, which indicate that this energy differ- 
ence varies approximately as 1 -f 0*26c, where a is the order of neighbours 
(12]. Tikis variation with a approximately corresponds to the variation of 
the ordering energy V with 8(1 -|- 0‘25s), already mentioned in this article. 



THE LANGUAGE OF BEES* 

By Pbofkssoh K. VON FRISCH 

Thtt UniVfTiUy of Mtinich 

To understand the language of bees it is first necessary to know 
something about the senses of bees. The senses of bees are of 
special interest for biologists, because bees are flower-visiting 
insects. Since the time of the German naturalist Chr. K. Sprengel, 
more than 140 years ago, we distinguish two main types of 
flower in the higher plants. A great many plants have small, 
scarcely visible, blossoms without any scent, and their pollination 
is effected by the wind. Such blossoms have plenty of pollen, 
which is spread by the wind and comes by chance to other blossoms 
of the same species. The other plants have conspicuous, brightly 
coloured blossoms, or a striking scent, or both colours and scent. 
We call them flowers. Such flowers produce honey, and they are 
therefore visited by feeding insects, which effect the pollination 
quickly and surely by flying from one flower to the next one of 
the kind. It seems probable that the flowers have their colour and 
scent to make them more striking for the visitors. In this way, 
the insects can more easily find them and get their food, and the 
pollination of the flowers is guaranteed. 

Sprengel’s view was not accepted by all naturalists. There 
was a controversy on this subject for many years, especially con- 
cerning the function of the colours of flowers. Even twenty-five 
years ago Professor Hess asserted that bees and all other insects 
are colour-blind. If this is true, the colours of flowers cannot be 
of the biological significance that Sprengel thought. 1 tried there- 
fore to find out whether bees can distinguish colours. 

The honey bee is a social insect. It lives in a beehive. In 
such a hive there are about 70,000 bees, only one of which is a 
fully developed female, the queen, the only egg-laying insect of 
all the inhabitants of a beehive. The males are plumper, and veiy 
stupid and lasy. Most of the inhabitants are worker bees. They 
are not able to produce eggs under normal ciroumstanoes. But 
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they do all the work in the hive, they feed the larvso, they build 
the wax oombs, they are the charwomen in the hive, and only 
the worker bees fly out to ^t honey and pollen as food for the 
inhabitants. 

Such food-collecting worker bees we take for our experiment. 
We use the scent of a little honey to attract some boos to our experi- 
mental table, and feed them, for instance on a blue cardboard. 
They suck up the food and, after homing, give it to other bees in 
the hive. Then they return to the good feeding-place they have 
discovered. We let them do so a while, and then we take away 
the blue cardboard with honey and put a new clean blue cardboard 
on the left, and a red one on the right of the feeding-place hitherto 
existing. Should the bees remember that they found the food on 
a blue cardboard, and should they be able to distinguish between 
blue and red, they would fly to the blue colour. That is exactly 
what happens. 

This is an old experiment, already carrietl out by the English 
naturalist John Lubbock. It proves that bees can distinguish 
colours. But it does not prove that bees have colour-sense. It 
is not the same thing. There are (very rarely) totally colour-blind 
men. They see all things in much the same manner as we see them 
in an ordinary photograph. They can distinguish between red and 
blue, for red is very dark to them and blue much lighter. From 
our expraiment we cannot conclude whether the bees have distin- 
guished red and blue by the colours or by the shades, as a colour- 
blind man does. 

For a colour-blind human eye every colour is a grey of a distinct 
degree of brightness. What the brightness may be for the eye of 
a colour-blind insect we do not know. We therefore make the 
following arrangement. 

We place a blue cardboard on a table, and beside it and around 
it grey cardboards of all shades from white to black. On each 
card there is a little watch-glass, but only the glass dish on the 
blue cardboard contains food (sugar water). In this way we train 
the bees to the colour blue. Bees have a very good memory for 
place. We therefore change the respective positions of the cards 
very oftcm. But the food is always placed on the blue cardboard, 
and the colour therefore indicates invariably where the food is to 
be found. 

After some hours or after some days we can make the decisive 
experiment. The cardboards and glass dishes soiled by the bees 
are taken away. We put on the table a new, clean series of differ- 
ently shaded grey cardboards, and anywhere between them we put 
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a clean blue cardboard with an empty glass dish. The bees remem- 
ber the blue colour and alight only on the blue cardboard. They 
distinguish it without hesitation from all degrees of grey. They 
therefore have a colour sense. 

Training to orange, yellow, green, violet, or purple gives the 
same good resrdts. But bees trained to scarlet red alight not only 
on the red paper but in the same manner on black and all dark 
papers in our arrangement. Red and dark are the same for bee’s 
eyes. Bees are red-blind. That is very interesting. We imder- 
stand why scarlet red bee-blossoms are so rarely found. There are 
very many red flowers in America, for instance, but only in bird- 
blossoms. Birds’ eyes are very sensitive to red. In Europe there 
are some plants with red flowers, but their pollination is — with few 
exceptions — effected by certain butterflies. These butterflies are 
the only insects which are not red-blind. There is an exception 
to the rule — the poppy, the flowers of which are visited by bees 
although they are scarlet red. But these flowers reflect many 
ultra-violet rays. Bees are able to perceive ultra-violet rays. 
Ultra-violet is a special colour for them, distinguishable from blue 
and all other colours. It is evident that the colours of flowers 
have been developed as an adaptation to the colour-sense of their 
visitors. 

One more thing is of interest to biologists. We make the follow- 
ing experiment. We train bees to blue, and then we put all the 
different-coloured cardboards on the table. The bees seek the blue 
oolom, but are unable to find it with certainty ; they confuse it 
with violet and purple. Bees trained to jrellow confuse the yellow 
with orange and green. It is important to notice that they cannot 
distinguish as many colour shades as we can. 

Bees restrict their visits to certain flowers. A given individual 
on its trip always visits definite species of flowers. That is of 
advantage for the bees, which on all flowers of the same kind meet 
with the same mechanism of blossom and save time through being 
acquainted with it ; it is also of advantage for flowers, for their 
pollination depends on bees coming from other flowers of the same 
species. If the bees specialise in certain flowers, they must be able 
to distinguish the different kinds of flowers. Biologists formerly 
thought that it was the difference of colour shade which enabled 
bees to distinguish them. Now we hear that bees cannot dis- 
tinguish so many different shades of colour as we can. They 
must therefore have other means of distinguishing the diffraent 
kinds of flowers. It nught possibly be the scent of flowers. Such 
oonsiderations led me to my work about the sense of smell hi b^. 
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The result was that we found that the scent of flowers is the 
most important factor that enables bees to recognise the different 
flowers. We can train bees to scent just as we trained them to 
colour. On a table we place some cardboard-boxes, each of which 
can be opened from above. There is a hole in the front of the 
box. In only one of the cardboard-boxes is there a feeding-glass, 
and into the same box we drop a little essential oil. The other 
boxes are without scent and without food. We change the position 
of the food-box frequently in order to avoid a training to place. 
The scent grades the bees to the food. After some hours we put 
away all the boxes soiled by the visiting bees, and make a new 
arrangement with boxes not yet touched by bees. In one of them, 
we drop a little of the scent we have adopted for training purposes, 
but there is no food in it. The bees fly to the boxes, smelling 
around the holes, but they only enter the scent box. It is there- 
fore clear that they can smell this scent, and that they use it as a 
guide to the food place. 

The sense of taste is a very closely allied sense. It is also a 
chemical sense. But for taste it is necessary that the mouth parts 
should come in contact with a solution. If it is a sweet solution, 
the bees suck it up. Indeed, the bees are rather fastidious about 
sweetness. If it is a solution containing 20 per cent, saccharose, 
they suck it up. If it contains 10 per cent, we can see that in 
bees as in men there is an individual difference in taste. Some 
bees drink, others hesitate, and others refuse it. If it contains 
5 per cent., they taste it and refuse to accept it. In this connection 
it is interesting that nectar in bee blossoms is always a solution 
with a high content of sugar ; on an average nectar contains about 
40 per cent, sugar. 

Training to taste is impossible. Either they drink the solution, 
or they refuse it. Nevertheless, it is possible to find out something 
about the quality of their sense of taste. But I cannot explain 
the methods in a few words. Let me only say that bees can dis- 
tinguish the same qualities as we can — sweet, bitter, sour, salty. 
But not all substances we consider sweet are sweet for bees. Many 
sugars very sweet for us are tasteless to bees, e.g. lactose, cellobiose, 
raffinose, etc. And the artificial sugars saccharin and dulcin are 
not sweet but are tasteless to bees. 

It is much easier to find out more facts about the quality of 
the sense of smell in bees, because we can train to a certain scent. 
Thus, for example, we provide all the boxes with different scents. 
The bees trained to a certain scent are able to pick out the training 
scent from 30 or 40 different scents. Furthermore, we can dilute 
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the training scent more and more, and the result is that for the 
sense of smell in bees the limit is quite the same as for human 
beings. The scent of most flowers therefore cannot attract from a 
great distance. The colour of flowers has the advantage of attract- 
ing bees from a greater distance. Scent has the advantage of being 
perfectly distinct for each species of flower. And so the scent 
permits the definite recognition of flowers from near by. 

In earlier times biologists thought that the function of the scent 
of flowers was to attract insects and to enable them to find the 
flowers. I think this is true of such bees as fly out to seek new 
feeding-places ; for scout-bees. Another function of scent is to 
enable the collecting bees to recognise certain flowers to which they 
are true and to distinguish them from other kinds of flowers. But 
there is one more function of scent — ^perhaps the most important. 
To explain it I must speak about the language of bees. 

They have something like a langiiage. That is clear from the 
following observation : When I want some bees for experiments, 
I place some sheets of paper smeared with honey on the experiment- 
table in the open air. Then I have to wait many hours, many days 
even, rmtil finally a bee discovers the feeding-place. But as soon 
as one bee has found the honey, very many will appear, perhaps 
several hundred, within a short time. They all come from the 
same hive as the first discoverer. The latter must have announced 
its discovery at home. How is that possible ? How could it 
communicate its discovery ? 

To clear up the matter two conditions must be fulfilled. First, 
a hive allowing one to watch all events taking place on the wax 
combs in the interior of the hive. For this I constructed observa- 
tion hives in which the wax combs are not arranged one behind the 
other, but one beside the other, all together forming a large wax 
comb, the surface of which can be observed through glass windows. 
Second, every experimental bee must be numbered to enable it to 
be recognised personally at first sight in the mass of other bees 
on the wax oombs. 1 succeeded in painting them with coloured 
spots in five different colours. A white spot on the fore part of 
the thorax is number 1, a red spot 2, orange 3, yellow 4, green 5. 
A white spot on the hind part of the thorax is number 6, red 7, 
orange 8, yellow 9, green zero. Now it is possible to write two- 
figure numbers. The hundreds we paint on the abdomen. Thus 
we can number them up to 699. The coloured numbers can be 
read as easily as written ones, and can be recognised when the bee 
is in flight, so that at our feeding-place we can see from a con- 
siderable distance— here comes No. 17, etc. 
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Now a bee which has discovered the feeding-place is marked 
with colour and observed after homing in the observation hive. 
First, it delivers the honey or sugar water, foimd and sucked up 
on our table, to other bees in the hive. Then it begins to damoe. 
On the same spot it turns round and roimd in a circle with quick, 
tripping little steps, once to the right, once to the left, very vigor- 
otisly, often half a minute or a full minute on the same spot. The 
dance is then often repeated on another spot. It is not possible 
to give a good description in mere words. The dance finishes just 
as suddenly as it began, the bee hurries to the hole of the hive 
and returns to the feeding-place. 

The bees on the wax comb around the dancing bee become 
greatly excited by the dance, they trip behind the dancer, follow- 
ing all its turning movements. They turn their heads to it and 
keep their feelers as closely as possible to its body, and it is evident 
that they are highly interested. Suddenly one of the following 
bees and then another turns away, cleans its wings and antennse, 
and leaves the hive. Soon afterwards these new bees appear at 
the food-place. After homing, they dance also and the more bees 
there are dancing in the hive, the more appear at the feeding-place. 
It is clear that the existence of the food is communicated by the 
dance in the hive. But it is not clear how the bees which have 
been communicated with can find the feeding-place. How can 
they know where it is, and where they have to fly ? 

The simplest assumption would be that when the discoverer 
returns to the feeding-place the new bees fly behind it. But that 
is not the case. The new bees do not fly behind our marked dis- 
coverer, they appear at the feeding-place quite independently. 

I could not understand it, till I made the following experiment : 
I fed some of the niunbered bees of the observation hive at a feeding- 
place 40 feet to the west of the hive. In the meadow roimd the 
hive to the north, south, west and east, 1 put glass dishes with 
sugar water and a little honey on the ground. If the dancer bee 
dancing in the hive reported where the feeding-place was, the new 
bees would all fly to the west feeding-place. As a matter of fact, 
a few minutes after the commencement of the dance new bees 
appeared at the same time at all the little dishes to the north and 
south, to the west and east. They did not know where the food 
was. They flew out in all directions and looked for it. When 
there were no dances in the hive, the little glass dishes in the meadow 
were not visited by any bee for many days. As soon as there 
were dances in the hive, the dishes in the neighbourhood were all 
found within the shortest time. 
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But not only in the neighbourhood t In further experiments I 
left the feeding-dish, visited by some numbered bees, at a short 
distance from the hive. And I put some other dishes farther and 
farther away in the meadow, observing whether they would be 
found or not. The farther they were the longer time it took till 
they were found by the bees sent out by the dancer. In the last 
experiment they were found after four hours in a meadow a full 
kilometre from the hive, with hills and woods lying between them. 
It is clear from a long series of experiments that after the com- 
mencement of the dances the bees first seek in the neighbourhood, 
and then go farther away, and finally search the whole fl 3 dng district. 

So the language of bees seemed to be very simple. But feeding 
from glass dishes is not natural for bees. If we make the conditions 
more natural, we get a new riddle at once. 

We put the glaus dish away, and feed the numbered bees at the 
same place on flowers, e.g. on cyclamen. Into the flowers we drop 
sugar water to provide plenty of food. The collecting bees dance 
after homing. New bees fly out seeking — but seeking something 
deflnite. In the vicinity we put a larger dish with cyclamen on 
the ground, and a similar dish with phlox. The new bees are only 
interested in cyclamen. They take no notice of phlox. Now we 
change the flowers at the feeding-place and put food in phlox- 
blossoms. After 6 or 10 minutes the situation at the observation- 
place changes, the new bees now are not interested in cyclamen, 
they only alight on phlox and search through the flowers, examining 
them as if they were convinced there must be food there. Every- 
where in neighbouring gardens where phlox plants are we can 
observe questing bees — a curious sight for everybody aware that 
bees cannot get honey from phlox blossoms and therefore never 
visit phlox under normal circumstances. The dancer bee has not 
only reported that there is food, but also in what kind of flowers 
it is to be found. 

In performing this experiment I succeeded with aU kinds of 
flowers with the exception of flowers without any scent. And so 
it is not difficult to find out the manner of communication. When 
the collecting bee alights on the scented flowers to suck up the 
food, the scent of the flower is taken up by its body-surface and 
hairs, and when it dances after homing the interested bees follow- 
ing the movements of the dancer bee, and holding their antemue 
against its body, perceive the specific scent on its body and know 
what kind of scent must be sought to find the good feeding-plaoe 
announced by the dancing bee. That this view is correct can 
be proved easily. We feed some numbered bees, giving them 
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Bogar water in a glass dish, on a cardboard on which some essential 
oil has been dropped. Then, in the neighbourhood on the ground, 
we put some cardboards with drops of various essential oils on 
them. The bees sent out by our dancer bees are only interested 
in the scent of the essential oil dropped on the feeding-cardboard, 
and alight on every place and everything provided with this scent. 
They take no notice of cardboards provided with other essential 
oils. 

It is thus seen that there is a biological function of flower-scent 
not known before. The dancing bee can communicate a message 
about all kinds of scented flowers by means of the scent adhering 
to its body. 

But the language of bees is stUl more perfect than has been 
shown up to now. A little variation of our experiment makes 
this clear. At the feeding-place we put sugar water in the glass 
dish, and we renew all sugar water taken away by the collecting 
bees. There is plenty of food. The collecting bees dance after 
homing, and new bees continually come out, and more and more 
discover the feeding-place. Now we remove the full glass dish 
and we put in its place a glass dish provided with some sheets of 
filter-paper moistened from beneath with a little sugar water by 
means of a syringe. Now there is a scarcity of food. It is trouble- 
some to suck it up, and takes a long time. Now the bees do not 
dance after homing. They deliver the food to other bees and 
return to the feeding-place, they continue to collect the food no 
less industriously, but they do not dance, and so they do not attract 
new worker bees to their feeding-place. Jiist the same is true of 
flower-visiting bees. They only dance if they find plenty of food. 
As soon as the flowers are visited by so many bees that all nectar 
produced by the flowers can be easily collected and taken away, 
there is no longer plenty of food, the dances stop, and no more 
worker bees are attracted. This makes it possible that there is 
edways a correct proportion between the number of collecting bees 
and the quantity of food offered by a certain kind of flowers. 

But one more thing still — ^the dances depend not only on the 
quantity of food but also on its sweetness. If we feed the bees 
with sugar water of a very high concentration the dances are very 
vigorous. K the concentration is diminished, the dances are con- 
tinued, but less vigorously. If the concentration is still further 
diminished to a certain point, the collection of food is still con- 
tinued, but there are no (^nces in the hive, although there is plenty 
of food. In natural conditions this is very important. For when 
various kinds of flowers with different concentrations of nectar 
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begin to bloom at the same time, and are discovered by scout 
bees belonging to the same hive, the bees discovering the flowers 
with the best nectar dance most vigorously, and attract the largest 
number of worker bees for the best flowers. That is the r61e of 
the sense of taste in the language of bees. 

But there is a word in the bee language not yet mentioned. 
The bees have a scent organ on their abdomen located in a pocket 
of skin containing glands. Usually the scent organ is closed and 
cannot give out scent. But l)ees which have discovered a good 
feeding-place put out the scent organ on returning to the place, 
and thus they give out a scent that is very attractive to other 
bees. It can be concluded from special experiments that the scent 
of this scent organ is much more intensive for bees than for us. 
It tells the questing bees with special emphasis where the good 
place is, as soon as they are in the vicinity, and attracts them 
from quite a considerable distance. 

It may be that some of my statements seem to be a little hypo- 
thetical. But all the results I have mentioned have been obtained 
from long series of experiments. To deal more thoroughly with 
the experimental methods here is impossible. 

To sum up : If a new kind of flower begins to bloom in a certain 
region, it is discovered after some time by scout bees. The first 
bees find the flowers full of nectar. They find plenty of food and 
after homing they report the discovery by dancing, and in addition 
indicate the species of flowers by means of the scent adhering to 
their bodies. The bees communicated with fly out and look for 
the flowers with this specific scent. Flying out in all directions, 
they find out in the shortest time the plant which has commenced 
to bloom, wherever it is in the entire fljring district. Where there 
are already collecting bees, the scent of the scent organ makes it 
easier for fresh questing bees to find the good feeding-place. When 
the number of bees has become sufficient to collect the amount 
of nectar in these flowers, the flowers are no longer full of nectar, 
the nectar becomes scarce, there is no more dancing and the number 
of bees does not increase. If different plants begin to bloom at 
the same time, the flowers with the sweetest nectar cause the 
most vigorous dancing and, incited by the scent adhering to the 
body of the dancer bee, the largest number of bees fly to the best 
feeding-plants. 
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Radioactivity is generally regarded as somewhat remote from the 
interest of practical chemists, who are not specially attracted by 
descriptions of what is going on in the interior of an atomic nucleus, 
nor thrilled by the news that we can now produce invisible and 
infinitesimal quantities of gold, provided of comse that we are 
allowed to invest expensively in platinum as our raw material. 
In this essay, however, we are not concerned with radioactivity 
in its proper sense, but only with the use of radioelements as tools 
for the solution of problems which have nothing whatever to do 
with radioactivity. 

Owing to the extreme sensitivity of electrometric methods it 
is possible to detect radioelements in much smaller concentrations 
than any other chemical substances. As a rule for quantitative 
determinations at least lO^^gm. are necessary, even if so-called micro- 
chemical methods be applied. It is true that spectroscopy can 
often not only detect, but even measure, much smaller amounts, 
down perhaps to 10“* or 10~ gm. But only the methods of radio- 
activity are able exactly to determine quantities of matter of the 
order of, say, 10“*^’ gm. ; if an element is strongly radioactive, we 
can easily study its chemical behaviour qualitatively and quantita- 
tively even though it be completely invisible. 

As most of the radioelements are isotopic with ordinary ele- 
ments in many investigations it is possible to substitute a radio- 
element for its inactive isotope. In other cases it will be found 
advantageous to mix a certain amount of the radioelement with 
a sample of the inactive isotope, to which a definite radioactivity 
is thereby imparted ; owing to the inseparability of isotopes this 
radioactivity remains as a characteristic property of such an 
indicated ’’ sample, whatever the chemical or physical reactions 
carried out with it. By choosing an appropriate ratio between 

38 



RADI0BLBMBNT8 AS INDICATORS 


39 


the quantities of radioelement and inactive element in the sample, 
it is possible to cover the entire range of mixtures from those 
detectable only by means of the electroscope to those containing 
easily weighable amotmts of material. 

Before giving examples of practical applications of radioele- 
ments as indicators, a few words must be said about technique. 
How do we obtain the radioactive indicators, and how do we 
measure their quantity ? 

If we wish to use natural radioelements we must confine our- 
selves to the last two rows of the periodic system, since only in 
the range from thallium to uranium are the 40 or so natural rfiidio- 
elements, belonging to the uranium, thorium, or actinium series, 
to be found. In this region, however, there are frequently several 
radioelements isotopic with one and the same stable, or slowly 
disintegrating, element. Now in selecting a radioelement suitable 
as an indicator it is advisable in general to pick one that can be 
detected in quantities as small os possible ; we must bear in mind, 
however, that the half-value period (T) varies in inverse propor- 
tion to the strength of the radiation, and that an element measur- 
able in tiny amounts necessarily possesses a short half-value period. 
It follows therefore that we cannot draw upon all the radioelements 
for our present purpose. Only such as are included in the table 
on page 40 have any practical application, owing to the favourable 
length of their decay periods ; those most frequently to be recom- 
mended are printed in italics. 

In addition to the natural radioelements hitherto considered, 
the recently discovered artificially produced radioelements can fortu- 
nately also be used as indicators. We know that the bombard- 
ment of certain of the elements by a-particles results in the 
production of radioactive substances which emit positrons on 
disintegration ; and in the bombardment of almost all the elements 
by neutrons new types of atoms are formed, which are transformed 
by the emission of electrons. Provided that these artificial radio- 
elements are produced in quantity sufficient to be easily detectable, 
and their life-period reckoned m minutes or more, they are also 
adapted for use as radioactive indicators. Although the discovery 
of the artificial radioelements is of quite recent date, a significant 
number of investigations have already been made on these lines, 
and there can be no doubt that in future the artificial radioelements 
will surpass the natural radioelements in their importance as indi- 
cators; for in the study of practically all the elements in the 
periodic classification they place at our disposal the corresponding 
active isotopes, including those of carbon, phosphorus, sodium, and 
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Radioactive Indicators 


Atomic Number. 

£leinciit. 

Indicator. 

81 

Thallium 

Radium C'' 

Thorium C" 

Actinium C** 

82 

Lead 

Radium B 

Radium D 

Thorium B 

Actinium B 

83 

Bismuth 

Radium C 

Radium E 

Thorium C 

Actinium C 

84 

Polonium 

Radium A 

80 

Radon 

1 Thoron 

Aotinon 

88 

Radium 

Thorium X 

Actinium X 

89 

Actinium 

Meftothorium 2 

90 

Thorium 

Ionium 

Radiothorium 
Radioac!tinium 
Uranium Xi 

91 

Protactinium 

Uranium X* 


calcium, which are of special importance in biological experiments. 
Sometimes it is even possible to produce radioactivity directly 
in the chemical compound of the element to be investigated. 

As to the measurement of radioactivity, an electroscope will 
give a sufficiently accurate determination in most of the natural 
elements, but for ascertainment of the much weaker activity of 
artificial radioelements a more elaborate apparatus, such as Qeiger- 
Miiller tube, connected with an amplifying system, is requisite. 
Nowadays almost any wireless shop can supply the material. 

In parenthesis it may be mentioned that in oases where inactive 
isotopes are readily accessible, they can be used as indicators in 
fundamentally the same manner, though other methods of measure* 
ments must be applied. For instance, instead of using electro- 
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metric mea43urements it is necessary to determine density or thermal 
conductivity, and so forth. Such experiments have been carried 
out with the heavy isotope of hydrogen *D and the oxygen isotope 

: but further discussion of them is outside the scope of this 
article. 

The applications of “ radioelements as indicators ” fall mainly 
into three groups ; with their aid : 

(A) We can study tlie behaviour of minute quantities of a 

radioelement, or indicated element, down to invisible and 
unweighable amounts. 

(B) We can determine very small fractions of an indicated 

substance which has been separated from the main part 
by solution, diffusion, etc. 

(C) By mixing only a fraction of a stable element with its 

radioactive isotope we can differentiate this fraction from 
the rest of the element, and then aiudy tite exchange, of 
atoms of identical chemical properties. It is especially 
this use of indicated atoms which opens the door to 
otherwise insoluble problems. 

A. Thb Study of Minute Quantities of an Element 

A problem frequently experienced in analytical chemistry is 
the distribution of traces of an element between precipitate and 
solution ; minute amounts of many elements are included either 
by oo-precipitation or by adsorption in the crystals of a precipi- 
tate or, conversely, remain dissolved when the bulk of the element 
is removed. In the case of radioelements or indicated elements 
such an imponderable quantity can be determined without the 
slightest difficulty. Studies of this type have shown that methods 
of chemical separation, which are reliable for normal weights 
of matter handled in an analytical laboratory, fail in the oolleotion 
of small amounts. 

For example, if we want to determine the lead content of 
ordinary rocks or meteorites, which is only of the order of a thou- 
sandth of a per cent., we find its quantitative separation practi- 
cally impossible ; in this case the application of radium D as an 
indicator has proved to be very useful. For this purpose a known 
amount of radium D was added to the solution of the material 
and by electrolysis this was deposited anodically as B«DOi, together 
with the contained lead. Thus, if in this process only 80 per cent, 
of the amount of RaD originally added were r^ained by electro- 
lysis, it follows that the yield of the lead analysis was likewise 
only to the extent of 80 per cent., and consequently the mass of 
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the deposit must be increased by 20 per cent, in order to obtain 
a quantitative value for the lead content of the rock. 

In this simple example the radioeleraent RaD serves directly 
as indicator of the element to be estimated, t.c. lead. But the 
range of application of the radioactive method in analytical chem- 
istry can be considerably extended if the element lead, activated 
by the radioelement ThB or RaD, is in its turn only the reagent 
for the substance (e.p. ammonia) in which we are interested. This 
method of “ radiometric microanalysis ” has rendered it possible, 
for instance, to carry out a determination of the nitrogen content 
of organic substances down to the order of magnitude of some ten- 
thousandths of a milligram. 

B. The Determination op Very Small Fractions of an 
Indicated Substance 

The solubility of lead chromate at room temperature is too 
small to be determined with accuracy by gravimetric methods ; 
but with the help of a radioactive indicator we can measure it 
as readily as we can perform a simple weighing operation. For 
this purpose we add a definite quantity of ThB to a known amount 
of a soluble lead salt. The ra^oactivity of this substance can be 
measured in terms of any arbitrary unit such as the number of 
scale divisions per minute obtained with the electroscope used. 
Thus if 10,000 such units of ThB have been thoroughly mixed 
with 10 mg. of lead, it is clear that one unit of the ThB will then 
necessarily always indicate the presence of 0-001 mg. lead. Now 
we can prepare the lead chromate from the artificially activated 
lead by the usual chemical methods. If we have kept the satm*- 
ated solution of this compound sufficiently long in a thermostat 
at the desired temperature, we can determine its concentration by 
evaporating to dryness a few c.c. of the solution, and measuring 
with the electroscope the activity of the almost invisible residue. 
A special advantage of the method is that the presence of foreign 
ions interferes in no way with the measurements as, of course, 
only the radioactive substance influences the electroscope. 

Another problem in which a very small quantity of the initial 
amount of an element had to be detected was encountered in the 
search for the hydride of bismuth, the analogue of arsine and 
stibine. As a res^t of many fruitless attempts to prepare it, the 
conclusion was reached that, supposing it could be prepared at 
all, this compound would only be obtainable in amounts oorre- 
sponding to vanishingly small fractions of the initial quantities of 
material used, and that it would thus readily escape detection by 
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the usual chemical methods. But the sensitivity of radioactive 
measurements can be graded down so far as to encompass both 
qualitatively and quantitatively even the ten-millionth part of the 
initial amount of the substance. This enormous extension of the 
range of measurement is necessary if we are to study the condensa- 
tion and re-volatilisation of bismuth hydride ; but the fact of its 
existence can be shown by relatively simple means. When mag- 
nesium filings are coated with the bismuth isotopes ThC or RaC 
and dissolved in dilute hydrochloric acid, the volatile hydrides of 
these radioelements are evolved, and can be condensed at the 
temperature of liquid air, or decomposed in a hot glass tube and 
measured. By means of the radioactive method just described it 
was possible to accumulate experience as to the best mode of 
preparation and the degree of stability of bismuth hydride ; 
and it was but a short step to the long-sought goal of preparing 
this compound also from inactive bismuth by similarly dissolving 
a magnesium-bismuth alloy in hydrochloric acid. It may be men- 
tioned that the quantity of bismuth with which the existence of 
this volatile compound was first recognised amounted to only 

10-» g. 

Technical investigations can also benefit from this application 
of radioactive indicators. It has been found possible to determine 
quantitatively with speed and accuracy the different permeabilities 
to air of almost completely airtight gummed material (gas-mask 
fabrics) by using air containing traces of radon. 

In the treatment of syphilis, by making use of Radium E as 
indicator, the retention of bismuth in the organism was investi- 
gated in detail. For a long time after treatment a considerable 
amount of the metal remains in the body, maintaining an anti- 
syphilitic effect ; the important matter was to gain information 
as to the rate at which different bismuth compounds are resorbed 
after injection. A further investigation concerned the retention 
of lead (indicator : ThB or RaD) and of thorium (indicator : ThX 
or lo), both in human and animal bodies ; extended to the behaviour 
of tumours, it proved that cancerous tissues retained appreciably 
larger amounts of bismuth than the corresponding healthy tissue. 

While in the examples quoted the problem was to determine 
fractions of the original substance, a biological experiment may 
be mentioned where the total amoxuit of a substance was unknown, 
and could be inferred from an activity measurement of a fractional 
part. In the case of rabbits the quantity of blood in living animals 
was determined as follows. A small quantity of defibrinated blood 
of the animal was mixed with a weakly alkaline solution of ThB, 
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and a precise amount of this injected into one of its veins. This 
active blood very quickly mixed with the blood of the entire cir- 
culatory system, and so uniformly that even after a few minutes 
the activity of blood taken from an artery permitted calculation 
of the volume of fluid throughout which the injected mixture of 
blood and ThB had been distributed, or, in other words, the total 
quantity of blood in the animal’s circulation. 

C. The Exchange of Atoms of Identical Chemical Peopeeties 

The interchange of atoms and molecules within a homogeneous 
substance can be followed only by means of isotopic indicators. 
The simplest example of such a kinetic problem is presented by 
the addition of an activated solution of Pb{NO,), to an inactive 
solution of PbClg of equivalent strength. By crystallising from 
this mixture a sample of lead chloride, we can determine whether 
it contains not only those lead atoms which were linked with 
chlorine before the mixing, but also lead atoms originally com- 
bined in the form of nitrate. As we should expect, according to 
the theory of electrolytic dissociation, the result of such a deter- 
mination demonstrates that the lead atoms in the crystallised lead 
chloride were derived in equal numbers from the two initial solu- 
tions. On the other hand, if, let us say, activated lead nitrate 
and inactive tetraphenyl-lead, or another compound in which the 
lead atom is linked with carbon in a non-ionisable form, be simul- 
taneously dissolved and then separated by crystallisation, we are 
unable to detect any interchange of the lead atoms between the 
lead nitrate and the organic compound of lead. 

In an analogous manner it has been possible to show that the 
charges of di-valent and tetra-valent lead ions are interchanged 
with the greatest of ease. After the discovery of artiflcial radio- 
activity it was also feasible to establish the same phenomenon 
with manganese ions of different valency, and to examine also the 
firmness of binding of iodine, bromine, etc., in organic compounds, 
as well as to study the mechanism of important reactions in organic 
chemistry. For instance, in the case of a molecule containing 
iodine, it was possible, by the use of iodine activated artificially, 
to give an affirmative answer to the question as to whether t^ 
racemisation of an optically active compound is preceded by a 
substitution. 

The interchange between the solid and liquid phases, as between 
metal and ion, or between a salt and its saturated solution, is 
more difficult to picture, and for this reason even more important 
to investigate than the positional interchange in solutions. These 
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processes, as functions of time, can be readily followed by means 
of radioactive indicators ; and such investigations can to made 
the basis of a method of measuring the surface area of powders, 
which is of importance in experiments on adsorption. This method 
is based on the fact that when a radioelement is added to a satur- 
ated solution of the isotopic adsorbent, in the form of powder, it 
must distribute itself uniformly in a very short time between the 
molecules of the dissolved part of the admrbent and the molecules 
of the outermost layer of the undissolved part of the powder. 
From the diminution of the radioactivity of the solution in this 
way we can easily calculate the dimensions of the surface of the 
powder. The surface areas of lead sulphate, lead sulphide, bismuth 
phosphate, and of many other compounds have been measured in 
such a manner ; and with the aid of the data so obtained it has 
been possible to prove that, for all those adsorbents, the limit of 
adsorption is reached before the adsorbed substance has formed 
a coherent layer even one molecule thick on the surface of the 
adsorbent. 

Closely related is the method which made possible, by the use 
of radioelements, an experimental investigation of the process of 
" self-difiFusion.” Here we are concerned with the fact predicted 
by the kinetic theory of matter that the atoms (or molecules) of 
a homogeneous gas or of a liquid move amongst themselves accord- 
ing to the same laws which govern the diffusion of one element 
into another. But since in the process of self-diffusion the objec- 
tive properties of the element investigated remain entirely un- 
changed, this process could previously be carried out only as a 
conceptual experiment. Not until the introduction of radioactive 
indicators was it possible to open up to observational study the 
phenomenon of self-difiusion. In performing the experiment, a 
lead cylinder was fused into a hard glass tube, three-queui»rs of 
the length of the cylinder consisting of ordinary lead and the 
remaining quarter of activated lead. For experiments of short 
duration ThB was used as indicator, whereas for those of long 
duration RaD was chosen. By carefully melting the lead in the 
tube and maintaining it at liquefying temperature for several days 
the indicated active atoms of lead were intermingled with the 
other lead atoms by diffusion ; it was possible after solidification 
to investigate the distribution of the activity established in the 
column of lead during the experiment, and the constant of self- 
diffusion in liquid lead could be calculated by the usual methods. 
By application of specially sensitive methods it was also possible 
to measure the coefficient of self-diffusion in solid lead. 
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In a similar way we can follow the change in position of the 
lead ions in heated crystalline lead chloride, and hence draw con- 
clusions about the processes of diffusion and conduction of electricity 
in cr 3 r 8 tal 8 . 

After the discovery of artificial radioactivity it was possible to 
examine the circulation of phosphorus in human or animal systems. 
The active form of phosphorus was produced from sulphur, and 
the atoms of phosphorus in food could be indicated by the addi- 
tion to them of sodium phosphate of known activity. In this 
manner it was established, for instance, that in the course of 6 
days, 22 per cent, of the phosphorus atoms in a man’s food are 
evacuated by the kidneys and 16 per cent, by the bowels, whereas 
when the phosphorus atoms are introduced directly into the blood- 
stream the corresponding proportions eliminated are respectively 
20-6 per cent, and 2-6 per cent, in the same time. The remainder 
of the phosphorus atoms enter into the structure of various organs, 
and above aU into the bones, whence they are sooner or later dis- 
placed by the arrival of fresh phosphorus atoms. It was possible 
to measure the rates at which the resorbod inorganic phosphate 
ions enter into the blood corpuscles and at which the various 
organic phosphorus compotmds develop in them, as well as to 
determine the distribution of the phosphorus atoms taken up in 
the system between individual bones, muscles, liver, kidneys, twth, 
and so on. The study of the behaviour of the phosphorus in the 
brain was of special interest. If some ten hours after administra- 
tion of radioactive sodium phosphate to rats or other animals the 
phosphatides of the brain are extracted, they are found to contain 
radioactive phosphorus atoms. Now we know that phosphorus 
atoms present in a phosphatide molecule take no part in simple 
exchange processes ; therefore the radioactive phosphorus atoms 
can only have entered these molecules during their synthesis. 
Hence, from the presence of radioactive phosphatides in the brain 
tissue of fully grown animals after the intake of radioactive sodium 
phosphate, we can conclude that these tissues, contrary to general 
assumption, are constantly regenerated ; presumably the lecithin 
molecule, tmder enzyme action, is broken down and rebuilt. 

Analogous experiments undertaken with maize and sunflowers 
showed that most of the phosphorus atoms are found in the leaves, 
and that they are mobile. Investigation revealed that an indi- 
vidual phosphorus atom which is to-day situated in one leaf in 
the course of a few da 3 r 8 will very probably be found in another 
leaf, while in seeds no exchange takes place between the phosphorus 
atoms of the germ and of the endosperm. 
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In concluding, it may perhaps be emphasised that experiments 
with radioactive indicators by no means involve heavy costs. As 
will be seen from the above examples, many of the experiments 
have been carried out with thorium B or thorium C as indicators. 
As both of these substances are themselves quite short-lived 
(Tthb = 10’® hours ; Tti,c = 60-8 minutes), the quantities of radio- 
active substances used in the individual experiments have there- 
fore practically no monetary value ; for these amounts are freshly 
obtained before each experiment from the parent substance radio- 
thorium, which itself remains completely unchanged and only 
decays with a half- value period T — 1-90 years. Since a quantity 
of radiothorium, whose a-radiation is equivalent to that of 1 mg. 
radium, supplies an adequate amount of ThB and ThC for almost 
all indicator experiments, and this quantity is for the most part 
always regenerated 24 hours after removal of the preparation from 
the radiothorium, it is possible with 1 mg. radiothorium to per- 
form an indicator experiment either with ThB or with ThC daily 
throughout a period of several years. At the present time 1 mg. 
radiothorium costs about £8. In many experiments distinctly smaller 
amounts of radiothorium will suffice ; on the other hand of course 
there are also experiments in which greater activities are desirable, 
just as occasionally it is impossible to avoid using as indicators 
radioelements of long life such as RaD and RaE, which are more 
difficult to obtain. 

The acquisition of artificial radioelements as indicators also 
does not necessarily involve large monetary expenditure, especially 
when, as is often the case, radon can be obtained from hospitals 
and similar institutions. A small glass tube filled as full as 
possible with very finely grained beryllium powder and with 
radon constitutes a source of neutrons which can be used for 
several days for the production of artificial radioelements. Quan- 
tities of about 50 millicuries of radon suffice for many experi- 
ments ; for others, however, hundreds of millicuries of radon 
are necessary ; still stronger active preparations can be obtained 
by bombardment with deuterons which have been accelerated 
say in a cyclotron. When a source of neutrons is required for 
continuous use it is of course desirable to mix a salt of radium 
instead of radon with beryllium powder. The cost can frequently 
be reduced by hiring raidiom for a specified period instead of 
buying it. 

References to the original papers can be found in the books 
SadiodemeiUa aa Indicator* by F. A. Paneth (McGraw-Hill Book 
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Co., New York, 1928), and Applied Radiochemistry by O. Hahn 
(Coraell University Press, Ithaca, N.Y. ; Oxford University Press, 
London, 1936). 

The authors are indebted to the Oxford University Press for 
their kind permission to use freely in this article a chapter of the 
second English edition of their Radioactivity, now in print, as well 
as the manuscript of a booklet, on practical work with isotopes 
as indicators, which they hoj)e soon to publish. 



EARTHQUAKE-SWARMS IN JAPAN 

Bv CHARLES DAVISON, Sc.D., F.G.S. 

In addition to their destructive shocks, the Japanese islands possess 
a class of earthquakes that seem to be rare or non-existent in other 
seismic countries. They have been called “ earthquake swarms ” 
by Japanese writers, and consist of large numbers of slight shocks, 
sometimes one or two hundred a day, that may or may not cul- 



minate in a great earthquake. During the last twenty years there 
have been two such series, one in the Nagusa district on the west 
coast of the Kii peninsula (Fig. 1), that has not yet led iip to an 
earthquake of unusual strength, the other near ltd in the Idu penin- 
sula, followed before the close of the year by the destructive Idu 
earthquake in an adjoining district. 

Thb Naottsa Earthquakb-Swabm 
The area within which the shocks were felt is represented in 
Mg. 2. It lies on the west side of the Kii peninsula that runs 
southward from near the cities of Osaka and Kyoto. During the 
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60 


SCIENCE PBOOEBSS 


fourteen years 1906-19, the aimual number of earthquakes recorded 
at the station of Wakayama ranged from 3 in 1918 to 26 in 1911, 
with an average of 14. Then, during the eight years 1920-27, the 
numbers rose to 105, 164, 100, 299, 196, 210, 148 and 142. 

In 1928, a network of 
seven stations was formed 
round the area, but, when 
the smallness of the area 
was recognised, two of 
them were abandoned, 
the five left being Wak- 
aura, Hikata, Siotu, 
Tanabe and Tomioka. 

The total number of 
earthquakes was very 
great, though the majority 
of them were so slight 
that, from May 1929 to 
July 1931, only 91 wore 
registered with such pre- 
cision at three or more 
stations that their epi- 
centres could be deter- 
mined. During the 
interval mentioned (27 months), 931 earthquakes were recorded 
at Hikata, 729 at Wakaura and 606 at Siotu. The number at 
Kimiidera would probably in the same time have approached 1,600, 
for, in ten months (May 1929 to February 1930), 661 were recorded. 

cm. 

W 


5 

. ... " 

Wakttjfim fault Siotu 

Flo. 3. — Changes of level in the Nagusa earthquakes area. 

The epicentres of the 91 earthquakes lie for the most part in 
the area bounded by the broken line in Fig. 2. Though this 
is less than one-tenth of the whole number, the studies 
by Professor Imamura and his colleagues render it probable 




Fio, 2. — ^Map of the Naguea earthquakos 
area. 
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that the remainder belong to the same centres, so that the origins 
of the earthquake-swarm must be under the sea to the west of 
Wakaura and Hikata. 

Few of the areas disturbed by these shocks had a diameter of 
more than 25 miles, the strongest of all were just capable of making 
cracks in plaster walls or overturning unstable objects, and, though 
very rarely, of throwing down stone fencings. 

The records of the meteorological station of Wakayama show 
on the whole a gradual decline in frequency from 1923, and a 
similar decline is apparent in those at Wakaura, where the average 
monthly number during successive three months from May 1929 
to July 1931 were 42, 33, 25, 38, 17, 17, 26, 26 and 21. 

One of the most interesting results connected with this earih- 
quake-swarm is that of the change of land-level in the district. 
The dates of the two lines of levels run along the west coast of 
the Kii peninsula are not given by Imamura. One of them, how- 
ever, was clearly after the swarm attained its height and the other 
thirty years before. The resulting changes of level are shown in 
Fig. 3, and Imamura remarks that there is good reason for believ- 
ing that the greater part took place after 1920. It will be seen 
that the more marked changes are local, and that a crust-block, 
miles in diameter, with its north end near Wakayama and its 
south end near Siotu, has bulged upward. The greatest uplift of 
about 9 ora. occurred at a fault, represented by a broken line in 
Fig. 2, and it is along or near this fault that most of the known 
epicentres lie. It would seem that the dome formation is due to 
lateral pressure acting in opposite directions on the block and that 
the swarm of feeble shocks is the result of stresses now growing 
on the floor of the Pacific Ocean off the Kii peninsula, in a region 
that has been the seat of some of the most devastating of Japanese 
earthquakes. 


The It6 Earthqijakb-Swakms 

ltd is a watering-place on the east coast of the Idu peninsula 
and facing Sagami Bay, beneath which lay the centre of the great 
Kwanto earthquake of 1923. During 1930 it was visited by swarms 
of earthquakes of much greater frequency and intensity than those 
of Nagusa. The positions of the foci were determined by Mr. N. 
Nasu and his colleagues, the tilting of the ground was studied by 
Messrs. M. Ishimoto and R. Takahasi, while the changes of level 
of the land were exhaustively measured by the Military I«and 
Survey emd interpreted by Mr. C. Tsuboi. The ltd district is 
shown in Fig. 4. 
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A number of observers were sent from the Eiurthquake Researoh 
Institute and the Seismological Institute of the Imperial University 
of Tokyo to make detailed studies in the district. A network of five 
stations was completed by March 10. Two-component portable 
tromometers were erected at Ito and Aziro and single-component 
tromometers at Hasima, Usami and Kawana (Fig. 4). In addition, 
two tiltmeters were installed, one at Ito on March 12 and the other 

at Kawana on March 19, 
both in caves excavated 
in the mass of volcanic 
BcorisB. Between 1930 
and 1936, no fewer than 
five lines of precise level- 
lings were carried out 
along the east coast of 
the Idu peninsula by the 
Military Land Survey. 

The shocks were 
recorded throughout at 
Misaki, a station about 
30 miles north-east of 
Ito, and the figures and 
curves given below in- 
clude all shocks with an 
amplitude exceeding one 
micron at Misaki, that is, 
shocks that would as a 
rule be felt by the un- 
aided senses at Ito. 
Diagrams representing 
the daily numbers of 
such shocks are given by 
Imamura and his col- 
leagues for the interval 
February 13 to April 7, and by Ishimoto and Takahasi for that from 
February 13 to May 31. In neither case are the daily numbers 
entered, but they may be read from the diagrams with a close 
approach to accuracy. 

The first swarm began on February 13, reached its maTimnm 
daily number of 209 on March 9, and declined, with many oscilla- 
tions, until it may be said to have ended on April 12, the total 
number of shocks in this swarm being 8,761 and the average daily 
number 64 (Fig. 6). From April 13 to May 7 inclusive, the daily 
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numbers ranged from 1 to 8, the average being 3*6. On May 9, 
the number suddenly rose, from 6 on the preceding day, to 126, 
reached its maximum daily number of 166 on May 10, and then 
declined irregularly until May 22 with 20 shocks, after which, until 
the end of the month, there were only 6 shocks. The total number 
of shocks in the second swarm from May 8 to 22 was 1,100 and 



Fig. 6 . — Curve of frequency of ItC earthquakes. 
First series (Feb. 13-April 11). 


the average daily number 73 (Pig. 6). Thus, altogether from 
February 13 to May 31 there were 4,947 shocks. 

Although the great majority of these shocks were very slight, 
indeed only just sensible, a few of them were strong enough to 
overturn gravestones and to crack plaster walls. The strongest 
were those of March 9 and 22. The amplitude at ltd of the former 
was 4 mm. and that of the latter 12 mm. or nearly half an inch. 



A strong-motion seismograph of the Central Meteorological Observa- 
tory erected on a sandy beach at ltd, midway between the ltd 
seismologioal station and the epicentre, recorded on March 22 a 
movement with an amplitude of 60 mm. or about 2 in. 

The positions of the epicentres and the depths of the foci were 
determined by Nasu from the records at three or more stations. 
For the first series (to the end of March), he found that the epi- 
oentres were as a rule clustered within a small circle (represented 
by the broken line in Fig. 4), the diameter of which is about 2| 
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miles. As will be seen, this small area lies within the inlet of ltd. 
Most of the few exceptions lie along or near the line AB, running 
from a point close to Kawaaa in the north-north-east direction. 

Nasu illustrated the distribution of the earthquake-foci by pro- 
jecting them on two vertical planes ; one passing through the line 
AB (Fig. la), the other through the perpendicular line CD (Pig. 
76). The projections of the foci lie ^tween the broken lines in 
the diagrams, showing that the foci were confined to a narrow conical 
region, its base being the circular area of about 1 J miles radius and 
its vertex at a depth of about 6 miles. The foci were densely 
packed near the surface and thinned out gradually downwards. 
For the second series in May, some of the foci lay a little way 
outside the cone to the east. 



Fio. 7. — earthquakes: projections of foci. 


From a series of precise levellings, the line AB was found to 
represent the boundary between two crust-blocks. It is worthy 
of notice that the east end of the line AB lies over the 80-metre 
depression formed in the bed of Sagami Bay during the earthquake 
of 1923, and that, if produced, it cuts at right angles the two great 
faults in the sea-bed and also, still farther, passes over the trough 
of 100 to 180 metres in depth, formed at the same time. 

The records of the tiltmeters at ltd and Kawana have added 
to our knowledge of the movements of the crust-blocks. The 
curves representii^ the variations of inclination show that strong 
earthqriakes occur at the times when the tilts are very rapid and 
simple, and slight earthquakes when they are complicated. At 
ltd, the principal directions in which the crust-block was tilted 
are towards the west and south ; at Kawana mainly towards the 
west. 

Imsmura and his colleagues compiled a table of the hourly 
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frequency of the shocks and compared the variations shown by it 
with those of other natural phenomena, especially with those of 
the sea-level. The shocks came as a rule in clusters, as many as 
80 sometimes in an hour, the beginning of the clusters in the early 
stages coinciding with low tide and their ends towards high tide. 
Towards the close of March, however, the connection became less 
marked. Kunitomi, adopting a slightly different method, counted 
the numbers of shocks in successive hours, including low tide and 
in five hourly intervals on either side, the numbers from the fifth 
hour before to the fifth hour after being ; 

27, 21, 33, 34, 04, 80, 64, 41, 55, 39, 42, 

a series of numbers that shows very clearly that the earthquakes 
of the swarm were more frequent at low tide, and implies that 
the crust-movements causing the shocks were upwards as a rule. 

It would have been interesting from this point of view to deter- 
mine the maximum epoch of the lunar period of 14-8 da 3 rB. Unfor- 
tunately, the times of the shocks have never, so far as 1 know, 
been published with the exception of 20 of the stronger earthquakes 
from March 4 to May 17. These, though too small in number for 
good results, give the epoch at the times of new and full moon 
(amplitude 0*63), showing again that the crust-movements were 
mainly upwards, a result of some interest in connection with the 
remarkable changes of elevation now to be described. 

Few districts have been so frequently re-levelled as that of the 
Ito earthquakes. The line of bench-marks is represented by the 
dotted line in Fig. 4, the bench-marks by larger dots. The dates 
of successive surveys since the earthquake-swarm began are : 

(I) March 16-AprU 14, 1930. 

(II) November 9-Deoember 3, 1930. 

(III) December 19, 1930-January 3, 1931. 

(IV) December 26, 1932-March 16, 1933. 

(V) January-March 1936. 

The last survey before 1930 (denoted 0 in Fig. 8) was carried out 
in 1923-24, after the Kwanto earthquake of September 1, 1923. 
For the first four intervals from 1923, the bench-mark 9328 was 
supposed to be unaltered in level ; for the last interval V-IV that 
numbered 50 (lying to the north of the map in Fig. 4). The 
changes of elevation that occurred in the first four intervals have • 
been described by Mr. C. Tsuboi in an admirable series of 
memoirs. The changes in all five intervals (referred to B.M. 9328 
as zero) are represented in Fig. 8. 

The most interesting changes are those of the last four intervals. 
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that is, since the earthquake-swarm began. The Idu earthqu^e 
of November 26, 1930, it may be noted, occurred during the second 
interval, but produced no effect on the level of the east-coast 
route. In the first two of the intervals, the greatest uplifts, of 
96-5 and 122-1 mm., occurred at B.M. 9337, a short distance to 
the south of ltd ; in the third, it was 27-2 mm. at B.M. 9333, near 
the north end of ltd Bay ; in the fourth, 137-0 ram. at B.M. 9334 ; 
and, in the last, 17-0 mm. still farther to the north or 1-1 mm. 
(with reference to B.M. 9328) at B.M. 9330 near the south coast 
of Atami Bay. Two other points are also worthy of notice : (1) 
The region of greatest uplift in the first two intervals became one 
of depression in the last, B.M. 9337 being lowered 8-6 mm. with 
respect to B.M. 9328, and 24-4 mm. with respect to B.M. 50 ; and 
(2) since 1930, the district has been almost seismically inactive, 
and yet the crustal deformation of the district has continued, 
though at a less rate than in 1930. 
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THE RELATION OF BORON TO PLANT 

GROWTH 

Bv R. W. G. DENNIS, Ph.D., B.Sc. 

One of the chief advances in plant physiology attained during the 
present century has been the demonstration that the list of nutrient 
elements essential for plant growth is not exhausted by the classical 
nutrient solutions containing only hydrogen, oxygen, nitrogen, 
sulphur, phosphorus, calcium, potassium, magnesium and iron. 
To-day it is generally accepted that at least two additional elements 
are required by higher plants, namely boron and manganese, and 
there is a considerable body of evidence to suggest that the same 
is true of metals such as copper and zinc. There is indeed a tendency 
in some quarters to assume that all elements, of which traces have 
been detected in plant ash, play essential roles in plant functions. 
As a result, modern culture solutions, compounded from highly 
purified chemicals, tend to become more and more complex. 

The earliest record of boron as a constituent of plant ash appears 
to be that of Wittstein and Apoiger, who in 1867 obtained boric 
acid from the ash of seeds of an Abyssinian plant. Subsequent 
investigations show that boron occurs in the ash of higher plants 
in small but fairly constant proportions, varying usually between 
0-1 and 0-6 per cent. Brown algss, on the other hand, contain a 
greater quantity of the element, about 1 per cent, of the ash. 

In 1910 Agulhon published results of experiments showing 
increase in dry weight, over that of the control without boron, 
of wheat, oats and radish grown in sand cultures with 0-5 mg. boron 
per 2 kg. of sand and concluded that “ boron is a useful element 
for higher plants.” 

Agulhon, however, gave no proof that normal growth was 
impossible in the absence of boron, nor did he describe symptoms 
by which boron deficiency might be diagnosed. The first of these 
requirements was furnished by Maz6 (1916) in the case of maize, 
but it was left for Warington (1923) to show conclusively that 
boron is not only a growth stimulant, but that in its absence mem- 
bers of the order Legvminoaoe developed constant and easily recog- 
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nisable symptoms of malnutrition. Such symptoms could be pre- 
vented in the case of broad bean {Vicia faba) by inclusion in the 
culture solution of 1 part of boric acid in 12,600,000 parts of water. 
In 1926 Sommer and Lipman published a series of j^hotographs 
indicating greatly increased growth in the case of sunflower, cotton, 
barley, buckwheat, castor bean, flax and mustard, when supplied 
with traces of boron in water cultures. In 1928 Johnston, and 
Johnston and Dore, indicated the essential nature of this element 
for the normal growth of potato and tomato, and in the following 
year McMurtrey (1929) provided similar evidence in the case of 
tobacco. 

A great impetus to the study of the problem was provided in 
1931 by the work of Brandenburg, wliich for the first time clearly 
demonstrated that boron deficiency is a noteworthy factor in 
agricultural practice since it is the cause of that widespread and 
serious dise&se of sugar beet and mangolds, heart rot. Since that 
date general attention has been attracted to the subject, and our 
knowledge has made rapid progress. 

Symptoms of Bobon Deficiency 

The most reliable diagnostic symptom of boron deficiency in 
higher plants is death of the apical growing point of the stem. 
This is generally followed by stimulation in the growth of lateral 
buds, resulting in the formation of side shoots, which in turn die 
back at the tip. Leaves of affected plants are commonly slightly 
thickened, often tend to curl and may become slightly chlorotic. 
Frequently the petioles are noticeably brittle and in many oases 
the plants fail to bloom, or to set fruit. A further symptom, 
recorded in all oases studied in detail, is stunting of the root 83 rBtem, 
particularly a check to the development of fibrous lateral roots. 
Histological symptoms include degeneration of all meristematio 
tissues both terminal and intercalary, discoloration and breakdown 
of parenchymatous cell walls followed by collapse of the cells, 
phloem necrosis and, frequently, lade of full normal development, 
especially in the root. 

As will be seen firom the table on page 60 (Table 1) this 
general symptom-picture holds good in the case of tobacco, tomato, 
potato, sugar beet, broad bean and citrus, although the relative 
importance of the different components varies according to the 
habit and growth of the plant concerned. It seems to apply also 
to a number of plants which have been less intensively studied 
Buoh as lettuce, celery and probably cotton and apple. The table 
shows two main exceptions to the general scheme, namely the 
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Swedish turnip and the Oraminece. The case of the former does 
not really provide a serious discrepancy, since the normal features 
of death of the apical meristem and stunting of the root system, 
develop in the complete absence of boron from the water cultures. 
The interesting point here, is that under conditions of mild boron 
deficiency, such as occur in the field, the diagnostic symptom is 
not a necrosis of the meristem but a browning of the wall of the 
parenchymatous storage tissue, giving rise to the disease known 
as brown heart. The OraminecB, on the other hand, appear to 
provide a peculiar case. In the first place it seems evident that 
they require relatively far less boron than do dicotyledonous plants, 
and secondly, where symptoms of boron deficiency have been 
artificially induced they are of a peculiar character and take the 
form of chlorotic stripes on the leaves, as described for maize hj 
van Overbeek (1934) and for sugar cane by Martin (1934). In the 
case of other Oraminem our knowledge is even lew satis&otory. 
Warington (1923) was unable to demonstrate conclusively any 
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favourable influence of boron applications to barl^ seedlings either 
in water or soil cultures. Sommer and lipman (1926), on the 
other hand, have published photographs showing enormous differ- 
ences in bulk of foliage in favour of barley seedlings supplied with 
boron as against those without boron. Their success iff demon- 
strating the essential nature of a trace of this element in the case 
of barley is probably due to the fact that they removed the grain 
from the seedling a few days after germination and so deprived 
it at the earliest possible date of the stored material in the endosperm. 
The writer has been able to demonstrate that oat seedlings grown in 
van der Crone’s solution without boron became chlorotic, developed 
numerous stunted secondary roots and died prematurely. Seedlings 
supplied with 0-006 gm. borax per litre remained green and produced 
normal roots. 

The question of the boron requirement of lower plants has not 
yet been adequately investigated. Agulhon (1910) was unable to 
find doses of boron favourable to the growth of yeast or of AspergUlua 
niger. Sohmucker (1935) obtained similar results with PeniciUium 
sp., Phycomycea Blakesleeanua and Spirogyra sp. It is, however, 
possible that the latter investigator did not employ a sufficiently 
low concentration of boric acid to obtain decisive results. Young 
(1936) records increased growth of Chlordla and Crucigim in the 
presence of 20 p.p.m. of boron in nutrient solutions. 

FtJNcmoN OF Bobon in the Plant 

It may be well in the first place to summarise briefly the evidence 
which supports the modem view that boron is not merely an element 
which can be employed to gain an mj[>orary stimulus 

to growth, but is essential for the- normal nutrition aiid development 
of vascular plants. 

This evidence may be grouped into four header 

(1) Boron is accumulated in plant tissue to an extent quite 
disproportionate to its occurrence in the medium on which the 
plants are growing. This applies to brown marine algae as well 
as to land plants and has been clearly demonstrated by Goldschmidt 
and Peters (1932) who quote an instance in which a beech tree 
growing on soil containing only 0-001 per cent. B|Ot accumulated 
boron in its wood up to 0-6 per cent, of the ash. Bertrand 
And Agulhon (1918) have shown that boron is also found in the 
tissues of most anhnals, being most easily detected in the hair, 
bones, horns, liver and muscles. 

(2) Minute quantities of boron are required throughout the life 
of the plant, as has been demonstrated for sugar beet by Branden- 
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Irarg (1932), beans by Warington (1023), maize by van Overbeek 
(1934), tobacco by Johnston and Fisher (1930) and tomato by van 
Sohreven (1935). This indicates that its function is one which 
persists throughout life, and is not, as implied by Wimmer and 
Liidecke (1934), restricted to young seedlings. It also demon- 
strates that the element is consumed, or “ fixed,” in normal meta- 
bolism, and does not act as an ordinary catalyst, an initial supply 
of which would continue active over a long period (Brenchley and 
Warington, 1927). 

(3) In experiments with pure salts under controlled conditions 
it is not possible to replace boron by any other element (Brenchley 
and Warington, 1927). 

(4) When the supply of boron is withdrawn from a plant, charac- 
teristic disease symptoms result, which can be prevented or, fre- 
quently, cured by addition of a minute quantity of boron to the 
nutrient solution. 

It is mainly by a study of these symptoms that the normal 
function of the element can be inferred. The most suggestive 
results available are those of Schmucker (1933), who demonstrated 
that pollen grains of tropical water lilies germinated normally in 
drops of nectar from those fiowers, but failed to germinate, or 
produced germ-tubes which quickly burst, when placed in drops 
of sugar solution of similar concentration to the nectar. Schmucker 
showed that addition of 0-001 per cent, or 0-01 per cent, boric acid 
to the sugar solution prevented bursting of the pollen tube and 
permitted its continued growth. In a later paper (1935) he reported 
confirmatory results with the pollen of other plants, but was unable 
to demonstrate any correlation between sensitivity to boron and 
the systematic position of the plant. He ultimately concluded 
that the influence of boron in preventing bursting of the pollen 
tube indicated that it exerted some control over the swelling of 
the protoplast, «.e. over its uptake of water. He also conjectured 
that compounds of boron and sugar may play some part in the 
formation of the pectin in the pollen tube wall, though he con- 
sideted it doubtful whether boron entered into the composition of 
the wall substance itself. 

It remains to be seen whether these suggestions derive any 
support from the expression of boron deficiency in the complex 
tissues of vascular plants. In this connection it is necessary to 
consider as far as possible, not the tdtimate necrotic effects visible 
to the naked eye, but the earliest results of deficiency in the indi- 
vidual cells. For this purpose the case of the turnip merits special 
consideration since in its case there is, under field conditions, no 
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netaroms of the meristems but merely a deformation of parenoby* 
matouB cells. It is therefore significant that Jamalainen (1036) 
states the first symptom of the disease to be an enlargement of the 
parenoh 3 rmatous ceUs of the xylem, so that they lie close together 
without intercellular spaces, hence the water-soaked a^j^rance 
of the diseased tissues. This is confirmed by the writer’s observa- 
tions and is in agreement with Schmucker’s description of a swelling 
of the plasma imder conditions of boron deficiency. Examination 
of the literature indicates that similar coll enlargement has been 
noted whenever anatomical investigation has been carried out at 
a sufficiently early stage in the disease ; examples are, the cambium 
of broad bean, bundle sheath of sugar cane, phloem and parenchyma 
of tobacco and periblem of the root tip in the pea. The first and 
the last of these citations are of special interest as suggesting that 
the effect of lack of boron on meristematio tissues is essentially 
similar to that on other living cells, and is more disastrous in the 
former merely becaiise they are more active and, in general, more 
delicate. Jamalainen reports that swedes suffering from brown 
heart contain a greater percentage of potash in their ash than do 
healthy swedes. This is possibly significant in the present con- 
nection, since potassium tends to increase the water-holding capacity 
of the plasma colloids and thus acts in the reverse direction to 
the assumed function of boron. The connection between boron 
and calcium hinted at by Warington (1034) may point in the same 
direction since calcium is also an element which tends to reduce the 
degree of hydration of the plasma colloids. On the other hand, 
as Loew (1032) has pointed out, calcium is intimately coimected 
with the normal functioning of the cell nucleus and boron may 
play a similar role. Thus van Sohreven (1034) has noted that in 
ground parenoh 3 rmatous cells of boron-deficient tobacco the nucleus 
may become disooloiued at a time when the cell walls stiU look 
healthy. In root-tips of the pea under similar circumstances, the 
nuclei lost the ability to divide mitotically (Sommer and Sorokin, 
1028). 

As r^ards Sohmucker’s second suggestion, namely that boron 
is concerned in the formation of pectic substances in the cell wall, 
there is at first sight a considerable amount of confirmative evidence. 
Discoloration of, and ultimate destruction of the cell wall has been 
recorded whenever boron deficiency has been investigated anatomic- 
sUy, and, in many cases at least, it begins in the swelling and 
discoloration of the middle lamella, the region most rich in pectin. 
Such a condition, however, is not oonfimed to plants deficient in 
boron and it seems more plausible to regard the phenomenon as 
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an expression of interference in carbohydrate metabolism. Pectins 
are complex compounds including both hexoses and pentoses, com- 
bined with galacturonic acid. There is abundant evidence that 
in the absence of boron, translocation of such carbohydrates, to 
the regions where disease symptoms are expressed, is impeded. 
This is most obvious in the case of plants with large storage organs, 
such as sugar beet and swede, but is also true of other species. 
The subject has been carefully studied in the case of the tomato 
by Johnston and Dore (1929), who found that in the absence of 
boron, sugars accumulated in the leaves to an extent more than 
double that in the normal plant, the hexose content of stems was 
greatly reduced while the galacturonic acid content was not signifi- 
cantly altered. This is a further indication that the influence of 
boron on cell-wall structiire is bound up with the control of carbo- 
hydrate movement. The disturbance in translocation is not 
necessarily due to death of the phloem colls, since it occurs to a 
marked degree in brown heart of swedes, a disease in which the 
condition of the phloem cells remains apparently imchanged. 

In a study of the effect of boron deficiency on the structure and 
functioning of the bacterial root tubercles in the broad bean, 
Brenohley and Thornton (1926) fotmd that, in the nodules of plants 
grown imder such conditions, the vascular system was reduced and 
the bacteria tended to become parasitic, attacking the protoplasm 
of the host cell. They suggested that this change from the normal 
symbiotic relationship of micro-organism and host was connected 
with the reduced carbohydrate supply to nodules of boron-deficient 
plants. 

The effect of reduction in the length of day in delaying the 
expression of boron-deficiency s}rmptom8 (Warington 1933) may 
possibly also be related to carbohydrate metabolism. 

There is a considerable body of evidence therefore to support 
the view that boron is concerned in regulation of the water relations 
of the plasma colloids. There is also abundant evidence to show 
that it is involved in carbohydrate translocation and possibly in 
carbohydrate utilisation. Most, if not all, of the observed symptoms 
of boron deficiency find explanation in the interaction of these 
two primary functions, but it remains for future work to elucidate 
the relationships between them. 

SomaoBS of Bobon Availablb to Plants 

Although boron is an essential component of some 66 minerals 
(Sohaller, 1929) the majority of these are rare or of restricted occur- 
rence and the only widespread member of the group is tourmaline 
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boro-silioste of aluminium and iron. The actual boron content 
of this mineral varies as a rule between 8 per cent, and 10 per cent. 
B,0 •, but may occasionally be much higher. It is doubtful however, 
whether tourmaline forms a source of boron available ^ plant 
food, since it is an extremely refractive mineral, resistant to weather- 
ing, which occurs in an unaltered and insoluble form as a component 
of the heavy residue obtainable from sedimentary rocks. On the 
other hand, its occurrence in the field in igneous or metamorphio 
rocks is an indication of the presence of boron in those rocks, 
whether introduced by pneumatolysis or derived from pre-existing 
boron in argillaceous sediments affected by thermal or dynamic 
metamorphism. 

If the boron contained in tourmaline is unavailable for plants, 
it becomes of importance to determine the distribution of the 
element as an impurity in other minerals and rocks. The most 
exhaustive investigations carried out along these lines appear to 
be those of Goldschmidt and Peters (1932) obtained in a series of 
spectrographio analyses of European and American minerals, rooks 
and soils. The boron content of plutonic and volcanic rooks was 
found to be extremely small, varying between 0-0005 per cent, 
and 0-001 per cent. B,0,. Calcareous rocks also contained small 
quantities, ranging from nil in ptire chalk up to 0-001 per cent, in 
limestones and dolomites, but in argillaceous rocks of marine 
origin, the average content was 0-1 per cent. B|Ot. The boron 
content of German soils was found to vary according to the type 
of rock from which they were derived, being highest in soils derived 
from weathering of segmentary rocks. 

According to Bertrand and Agulhon the boron content of sea- 
water is about 66-3 gm. HaBOt per cubic metre, corresponding to 
0-1 per cent. 6,0$ in the marine salts. This is confirmed by the 
work of Goldschmidt and Peters (1932) who conclude that the 
boron content of rooks and soils is ultimately derived from the 
sea, the boron content of the igneous constituents of the earth’s 
crust being only about 0-0001 per cent, to 0-0006 per cent. BaOf 
Boron is most abundant in the older marine argillaceous rocks and 
less so in shales of more reoent origin. 

Our present knowledge of the boron cycle in nature may there- 
fore be expremed somewhat as in the diagram on page 66. 

Thb Origin of a Statb of Boron Dbficibnoy in Soils 

From the evidence at present at our disposal it appears that 
boron deficiency in soils may be of two kinds, primary and induced. 
From the data quoted in the previous section it is dear that soUs 
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derived from the weathering of magmatic rocks are likely to be 
poorer in boron than those derived from sedimentary rocks, especi- 
ally of an argillaceous character. The soils of the South-Western 
Uplands of Scotland probably afford an example of this type of 
deficiency, as indicated by the prevalence of brown heart of swedes, 
even on unlimed fields in Dumfriesshire, Kirkcudbrightshire, Wig- 
townshire and South Ayrshire. This is a region where the sedi- 
mentary rooks are mainly of an arenaceous character, whose poverty 
in boron is indicated by the almost complete absence of Tourmaline 
in the aureoles of the three great granitic intrusions of Criffel, 
Loch Doon and Caimsmore of Fleet. 

Bobko and others (1936) have shown that, as one would expect, 
the boron content of soils tends to diminish as leaching of the 
soil progresses. The analyses of Russian soils given in their paper, 
show the boron content to vary between 0-26 and 0-11 mg. boron 
per kg. They also state that in Polish soils the boron content 
varies from 1 rag. to 14 mg. per kg. 

There is, however, abimdant evidence to show that the actual 
boron content of a soil is no index of availability of that element 
for plants. Thus it has long been known that heart rot of sugar 
beet is most prevalent on alkaline soils and, prior to the work of 
Brandenburg, the disease was assumed to be directly due to exces- 
sive alkalinity. Many recent experiments have shown that the 
unavailability of boron to plants is closely connected with the 
amotmt of lime present. Scharrer and Schropp (1934) have carried 
out an elaborate series of pot tests with sugar beet in which they 
showed that addition of 10 gm. of CaCOi to 14 kg. of soil increased 
the tendency to heart rot, and secondly, that addition of boric 
acid to the limed soil was beneficial in reducing this tendency. 
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Their work demonstrated that there is in reality no essential rela* 
tionship between soil alkalinity and development of heart rot, and 
also that the effect of lime varied according to the type of soil 
employed, being most severe on a very sandy soil. ProBkbly it 
depended in part upon the extent to which the soil solutions wore 
buffered, and partly upon their original boron content, which was 
not determined. 

From the work of van der Poel (1932) it is evident that the 
field occurrence of boron-deficiency symptoms in Sumatran tobacco 
is also largely controlled by soil reaction. Typical “ Topziekte ’’ 
only occurs on seed beds of pH 7*7 and over. In plants set out 
in the field the relationship between the disease and soil reaction 
is less obvious (Kuijper, 1930). 

Brown heart of swedes is exhibited freely in certain districts 
in Scotland on acid soils, even in cases where lime has never been 
supplied during the memory of man. It is, however, rendered far 
more severe by heavy applications of lime. 

These facts are most readily explained by assuming that the 
applications of lime render the pre-existing boron in the soil unavail- 
able for plants, in a manner similar to the known effect of lime 
on other elements, such as iron (Gill and Carreo, 1920) and man- 
ganese. The latter probably affords the closest analogy to the 
case of boron, since it also is required only in minute quantities, 
and Mann (1930) has shown that liming decreased the solubility 
of soil manganese, the rate being rapid with small applications. 
Manganese became relatively insoluble with applications of calcium 
carbonate of more than 6,000 lb. per acre. 

Recent experiments by Bobko and others (1936), however, tend 
to show that the effect of lime is not a simple chemical reaction 
with boron. The results showed that although the amount of 
soluble boron was considerably reduced by the addition of lime, 
the quantity of boron fixed was in all oases much less than 
would have been expected assuming the reaction involved to be : 
CaCO. -f 2H,BO,-^ HtCO, + Ca(H,BO,),. 

They point out that applications of boric acid to soil greatly 
stimulate the processes of nitrification and denitrification, &om 
which it may be inferred that boron is utilised in the metabolism 
of the bacteria concerned. They accordingly assume that a state 
of boron deficiency in nature is brought about partly by leaching 
ftnd partly by the absorption of the element by micro-organisms. 
On t^ view the effect of liming would be a combination of direct 
fixation and of indirect fixation due to increased activity of the 
i^il mioroflora. 
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CONTEOL OP BoBON DKPICIENCY IN AoBIOULTinRAI. PBAOTIOE 

Applications of boron are now recommended to ocH^ttol the 
following diseases : 

(1) Heart rot (Herz-faule) of sugar beet and mangolds, in Gler- 
many, Holland, Belgium, Denmark, Sweden, Russia, Hungary, 
Switzerland, France, Great Britain, Ireland and the United StatM 
of America. 

(2) Brown heart (Raan, Vatersott, Marmorering, Ruskotauti) 
of the Swedish turnip, in Canada, New Zealand, Scotland, Wales, 
Norway, Denmark and Finland. 

Most of the work in controlling this disease has been done 
with Borax at quantities ranging from about 6-20 lb. per acre. 

(3) Topziekte of tobacco in Sumatra. 

Kuijper (1930) has shown that application of a solution of 3 
parts of boric acid per million of water, at the rate of 3 mg. boric 
acid per plant, was effective in greatly reducing the incidence of 
topziekte. 

Suggestions have also been made for the use of boron, or boron- 
containing manures, in the cultivation of cotton (Eaton, 1932), 
strawberries (Hoagland and Snyder, 1933), celery (Purvis and 
Ruprecht, 1936), apples (McLarty, 1936), and potatoes (O’Brien 
and Dennis, 1936). 
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RECENT ADVANCES IN SCIENCE 

MATHEMATICS. By J. H. C. Whitbjhead, M.A., Balliol Colloge, Oxford. 
The Mathematical Theory of Knots. — By a knot we are to 
understand just what a sailor or a boy scout does, except that 
the string, or whatever it is that is knotted, is supposed to form 
an endless loop rather than a length. In mathematical language, 
a knot is to be regarded as a closed c;urve rather than an arc with 
end-points. Returning to our piece of string, it is fairly obvious 
what is meant by saying that two loops of string are knotted in 
the same way, or represent the same knot. Without clarifying 
this concept at the moment, we can at least say what is meant 
by an unknotted loop, namely, one which can be laid out on a 
flat surface without crossing itself, round the perimeter of a circle 
for instance. Just as one refers to a “ reef-knot it is convenient 
to refer to any form of knot, including that of an unknotted loop, 
as a knot, though this has the disadvantage that one has to dis- 
tinguish between a “ knotted ” and an ‘‘ unknotted knot. 

The fimdamental problem, still unsolved, is to discover a sys- 
tematic method for deciding whether or no two loops represent the 
same knot. As yet we cannot even tell whether or no a given 
loop is knotted. There is nothing sopliisticated about this prob- 
lem. Imagine yourself presented with a complicated tangle of 
string consisting of one or more loops. Someone might ask you : 
“ Does this consist of one or of more than one loop ? By a 
purely mechanical process, such as following an individual loop 
round and painting it a distinctive colour, you could certainly 
answer this question. But now suppose you are asked whether 
or no a single loop is knotted. If the loop is long enough, say 
50 feet round, and the tangle sufficiently complicated, you might, 
failing some systematic method, play about with it for a month 
and still be no nearer the answer. A short cut to academic fame 
would be to provide such a method I 

As the mathematical theory stands at present the expert is in 
a slightly better position than the layman. There are certain 
mechanical tests which one can apply, and so recognise the fact 
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that many knots are actually knotted. But there are knots which, 
while knotted, are unrecognisable as such by any of the known 
tests. To apply the latter one usually starts with a representation 
of a knot as a plane, polygonal circuit, which may cross itself at 
certain points. It may be assumed that just two edges of the 
polygon intersect at any one of the crossing points, and we indi- 
cate which of these edges passes over the other. We then have 
what is called a knot diagram, which may be thought of as a bird’s- 
eye view of the knot. It is found that common-sense notions lead 
to the following definition of equivalence. Two diagrams are 
equivtUent, that is to say represent the same knot, if one can be 
transformed into the other by a finite sequence of deformations, 
which, in so far as they alter the crossings, are of the types indi- 
cated in Pig. 1, together with the deformations inverse to these. 
The equivalence problem, therefore, is to find out whether or no 
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two given diagrams can be interchanged by means of these trans- 
formations. 

A knot invariant is something which can be calculated from 
the diagram and which is unaltered by these transformations. 
Nearly all the knot invariants known at present are derived from 
the group of the knot. This is the fundamental group of the resi- 
dual space, that is to say the region consisting of the points which 
do not lie on the knot (the fundamental group of a space is the 
group described in an earlier article on combinatorial analysis 
situs [Vol. XXXI, p. 78] ). The group is of the kind with a 
finite set of generators Oi, . . ., a^, between which there are 
certain relations. Any product of the generators and their 
inverses Ox" . 0^" ‘ represents an element of the group, and 
the same element is represented by a product which is obtained 
from the first by inserting, or omitting, the left-hand side of any 
relation, or its inverse (when the relations are written in the 
form R aa R being a product of the generators and their 
inverses), or a two-termed product of the form or its 
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inverse. It is to be understood that, if » need not be 

the same as OyOj, and that the inverse of a product Xi ... ia 
a:„“^ . . . ®i-*, where the aj’s stand for any of the symbols o„ . . 

• • • Op”*- Of course the same group is represented by 
infi nitely many systems of generators and relations. For example, 
one can add an extra generator b and a corresponding relation 6 = 1. 
Also one can replace a pair of relations R == 1, S 1 by the 
equivalent pair R = 1, RS = 1. 

A system of generators and relations for the group of a given 
knot can be found as follows. First let the polygon representing 
the knot be oriented. Let us describe as a “ complete visible 
segment ” one which starts by emerging from underneath some 
other segment at a crossing, and terminates when it next passes 
imder some other segment, possibly passing over certain segments 
meanwhile. For example, the segment AB in Fig. 2 is a complete 
visible segment. To each complete visible segment corresponds a 
generator of the group. To the crossing marked B in Fig. 2 oorre- 


A 
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a 
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sponds the relation 6 = xax~^, or bxa~^x~^ — 1, and a similar rela- 
tion corresponds to each crossing (if the orientation of the segment 
marked x were reversed the relation would be 6 = x~^ax). These 
are the generators and relations of the group, provided that there 
is at least one crossing. If there are no crossings, in which case 
the circuit is unknotted, the group consists of all the powers 
(positive, negative and zero) of a single generator. 

It has been proved that the group so defined is an invariant 
of the knot. That is to say, the systems of generators and rela- 
tions written down from equivalent knot diagrams represent the 
same abstract group. Thus a necessary condition for a given 
diagram to represent an unknotted circuit is that its group is the 
free group with a single generator. There is a certain theorem 
which seems plausible, though no one has yet succeeded in proving 
it, from which it would follow that this condition is also sufficient. 
Unfortunately the difficulties in the theory of discrete groups (».«. 
groups defined by generators and relations) seem to be at least as 
formidable as those in the theory of knots. In particular there 
is no systematic method for finding out whether or no a given 
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group is of the type just mentioned. Nevertheless, using special 
methods, one can often prove that a given group is not of this 
type, and so that some particular knot is actually knotted. Also 
there is a class of invariants which can be calculated frdfh the 
group. These are the coefficients of torsion of the n-sheeted Riemann 
3-spreads (n — 1, 2, . . .) having a given knot as a branch cmrve 
(coefficients of torsion were briefly described in the earlier article 
already referred to), a Riemann S-spread being a generalisation of 
what is meant by a Riemann surface in algebraic geometry and 
the theory of functions. If the given knot is imknotted there is 
no torsion and so these invariants provide a sieve which catches 
many knots. 

A very simple invariant, which can also be defined in terms 
of the torsion coefficients just mentioned, is the determinant of 
the knot. Any knot diagram in a plane divides the latter up into 
a number of regions. Since precisely four edges meet at a crossing 
it is easy to verify that one can colour the regions black and white 
in such a way that no two regions with a boundary edge in com- 
mon have the same colour. In colouring the regions like this we 
can clearly choose which of the two colours we assign to a given 
region. We coloiu' the infinite region Ro, outside the diagram, 
black and call the finite regions R„ . . ., R„. With each crossing 
we associate an index 0 or dr 1. The index of any crossing at 
which a region touches itself is to be zero. For the rest, if the 
upper s^ment, when rotated anti-clockwise into the lower seg- 
ment, sweeps out a black region the index is -f 1, and it is — 1 
if a white region is swept out. We then define a determinant 
j == 1 ...,«) by the rules : — o« is the sum of the indices 
of all the crossingB incident with R^, and (t j) is the sum 
of the indices of all the crossings which are on the boundary both 
of Ry and Ry. The absolute value of the determinant |ayy| is 
found to be a knot invariant. If there is a single crossing, the 
diagram then being a figure of 8, it is clear that the knot is 
unknotted and that |ayy| « 0 (if there are no crossings we let |ayy| 
take the conventional value zero). Thus |Oyyl — 0 is another 
necessary condition for a knot to be unknotted. 

There is one other kind of invariant which can be calculated 
from the diagram of a knot, the so-called Minkowski units of the 
quadratic form 

Though these are the same for large classes of knots, they enable 
one to distinguish between certain knots with the same group. 
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Thus the position with respect to the fondsmental problem of 
characterising an unknotted circuit is that one has certain standard 
tests which exhibit the fact that many knots are actually knotted. 
If these fail one has nothing to rely on but one’s ingenuity which 
may, or may not, enable one to settle the question by ad Aoc methods 
when a particular knot presents itself. 

One of the first people to apply mathematics to the study of 
knots was P. G. Tait {Scientific Papers, Cambridge, 1898), who 
published Part I of a considerable treatise on the subject in 1876. 
The group was first recognised as a knot invariant by M. Dehn 
(Math. Annalen, 69 , 1910, 137-68). The coefficients of torsion of 
the covering 3-spreads were introduced by J. W. Alexander (with 
G. B. Briggs, Annals of Math., 28, 1927, 662-86 ; also Transactions 
American Math. Soc., 30 , 1928, 275-306) and, independently, by 
K. Reidemeister (iiTocA. Wiss.Odttingen, 1928, 69-76). A good book 
on the subject is Reidemeister’s Knotentheorie (Berlin, 1932). 

ASTRONOMY. By R. W. Wbiolkv, M.A., F.R.S.E., Royal Observatory, 
Edinburgh. 

Light Absobbino Matter in Space. — The importance in all stellar 
investigations of the possible presence of dark absorbing matter 
in space has been fully realised in late years, and numerous efforts 
have been made to determine its density, its distribution, and the 
nature and extent of its light absorption. Almost all those investi- 
gations have been concerned with interstellar matter at great 
distances from the sun, the dark clouds clustering mainly round 
the galactic plane. Two recent papers, however, deal with obscur- 
ing matter comparatively near to the solar system. In MeddeUtnde 
61 of the Observatory of Upsala, Carl Schalen describes his examina- 
tion of the distribution of stars in the Scutum region of the Milky 
Way. The spectral classes of 2600 stars down to the eleventh 
magnitude wore determined from Harvard photographs taken at 
Arequipa with the 10-inch Metcalf telescope in conjunction with an 
objective prism of 3° refracting angle, the region investigated 
covering about 135 square degrees, and containing part of the rich 
Scutum cloud, part of the dense region between Scutum and Sagit- 
tarius, and, in addition, some very sparse areas further west. The 
photographic magnitudes of the stars were obtained from six plates 
specially taken at Harvard and measured with the Schilt photo- 
meter at Upsala. They were based on a Harvard sequence con- 
taining well determined magnitudes on the International scale. 
Tables are given showing the distribution in space of stars of types 
B and A, and of giants of types G6-K2 in different regions. It 
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appears that the Scutum cloud is a real condensation of stars at a 
distance of 1300 parsecs, and that the hypothesis put forward 
recently that the Milky Way cloud formations are only apparent 
and are caused merely by the contrast of surrounding re^ns of 
strong absorption, is not true in this specific instance. Further to 
the south there is another condensation of stars at a distance of 
2000 parsecs, but chief interest centres in a dark area to the west 
where the number of stars, including divarfa, is greatly decreased 
for all distances. Schalen infers the presence of a dark cloud of 
absorbing matter in this region, extending outwards from the near 
neighbourhood of the solar system, and absorbing about one magni- 
tude for each hundred parsecs. Its presence can be traced to a 
distance of 300 parsecs, and it probably extends still further. 
Schalen considers that this and other dark clouds are not isolated 
agglomerations but belong to the general galactic stratum of inter- 
stellar matter. 

An investigation with a similar object is described by Axel 
Gorlin of Lund in Zeitschrifl filr Astraphyaik, 1 1 .Band, 3.Heft. Two 
independent methods were employed. In the first, Schlesinger’s 
new catalogue of stellar parallaxes was examined for any evidence 
of Schalen ’s dark cloud in the vicinity of the sun. The material 
consists of 1 107 stars at distances between 10 and 50 parsecs, whose 
trigonometric and spectroscopic parallaxes are both given in the 
catalogue, and for which it is therefore possible to determine the 
absolute magnitude M of any star in two independent wayH. The 
presence of absorbing matter between us and the star should leave 
M (spectroscopic) unaffected but should increase M (trigonometric), 
making the difference dM=MT— Mgp always positive. This 
simple method of testing for the presence of absorbing matter would 
be perfectly valid if there were no systematic difference between 
M.]. and M^p, but, as this is by no means certain in spite of Schle- 
singer’s efforts to put his catalogue on a uniform system, Gorlin 
decided to calculate a mean ZiM for the whole sky and to compare 
with it JM obtained for small areas. For this purpose the 48 equal 
galactic squares into which Gharlier divided the sky were employed, 
a mean AM being calculated for each square. In the second method, 
the proper motions of 3807 stars taken from Boss’ Preliminary 
OenertU Catalogue were utilised to calculate the mean reduced 
parallaxes by Gharlier’s method (Lund Med., II, 14), from which 
the mean absolute magnitudes of stars of different spectral classes 
were derived. 

These two independent methods agree in giving a positive value 
of AM, indicating the presence of obscuring clouds, in the direction 
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of the oonstellations Argo, Centauru8, and Scorpio, while in the 
opposite region of the sky negative values of -dM are predominant. 
Corlin considers that these effects cannot be due to either systematic 
errors or differential galactic rotation, and that they clearly indicate 
an obscuration of the stellar light commencing from the vicinity 
of the sun and increasing in amount in the direction of the centre 
of our local cluster. In other words, the solar system is now moving 
inside a dark nebula, a fact of some importance in connection with 
the origin of comets and meteors. It is well known that periodic 
comets tend to become fainter at each successive perihelion paissage, 
probably through the loss of matter when under the solar influence, 
and those that develop tails are able to do so probably for only a 
limited number of appearances. The fact that such comets still 
exist suggests that they are of comparatively recent origin. It 
therefore seems possible that the solar system was originally with- 
out its surrounding fringe of comets and meteors, and that these 
belong really to the dark nebula, making their appearance only 
after the sun and its attendant planets had plunged into it. 

Some marked differences between stellar trigonometric and 
spectroscopic parallaxes have also been investigated by J. A. Hynek 
of the Perkins Observatory, Ohio (Pvhl. Astron. Soc. Pacific, 1936, 
Oct.). He gives a list of 70 stars which show striking discrepancies 
in their absolute magnitudes as determined by the two methods, 
the trigonometric parallaxes being taken from the Yale Catalogue 
(1935), and the spectroscopic ones from the Mount Wilson Catalogue 
of 4179 Stars (Contribution, No. 611). Hynek deals in turn with 
the following possible causes of the discrepancies : (a) a faulty 
trigonometric parallax, (b) a faulty spectroscopic parallax, (c) a 
failure of the mass-luminosity law in the given star, (d) the presence 
of absorbing material in the line of sight, (e) an error in the deter- 
mination of the star’s apparent magnitude. He considers that (a) 
is responsible for several of the oases in his list but certainly not 
for them all, some of the trigonometric parallaxes being very accur- 
ately determined. It is difficult to assess the importance of (b), as 
individual probable errors of spectroscopic parallaxes are not avaU- 
able. As regards (c), the mass-luminosity law is found to hold 
statistically for single as well as for double stars, but there is, of 
course, a possibility that it may not always apply to certain indi- 
vidual oases. The effect of (d) was investigate by examining the 
galactic distribution of the 70 stars. It was found that they showed 
little galactic concentration, and no correlation with known dark 
and diffuse nebulte. When plotted in Charlier’s 48 equal galaotio 
squares, the number of stars in certain squares was found to be in 
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harmony with the space absorption found by Corlin, but the maxi- 
mum effect of the latter was insufSicient to account for the dis- 
crepancies exhibited by the individual stars. It seems, th^fore, 
that space absorption cannot be the major factor. Similarly, the 
discrepancies are too large to be explained by errors in the assumed 
apparent magnitudes, even for the fainter stars in the list. Of the 
70 stars tabulated by Hynek, 24 are both spectroscopic and trigono- 
metric dwarfs ; 21 are spectroscopic giants but trigonometric inter- 
mediates, their trigonometric parallaxes placing them between the 
two branches of the Russell-Hertzsprung diagram where it was once 
considered that no stars could lie ; 12 are trigonometric dwarfs but 
spectroscopic giants ; 5 are trigonometric giants and spectroscopic 
super giants, Antares being an example ; and 3 only are trigono- 
metric giants but spectroscopic dwarfs. These discrepancies present 
an interesting problem, the first step to whose solution is undoubtedly 
a more accurate and reliable determination of the trigonometric 
parallaxes of the stars in question. 

Evidence that the importance of such observations is not being 
overlooked is provided by the recent publication, eus Vol. 8 of the 
Tranaactiona of the Yale Obaervatory, of the trigonometric parallaxes 
of 851 stars, determined from 17,000 photographs made with the 
26-inch photographic refractor at the Yale Station, Johannesburg, 
which has now been in commission for nearly 12 years. The objec- 
tive of the instrument is figured for minimum focus at wave length 
4300, the focal length is 10-96 metres, and the scale of the photo- 
graphs is accordingly 1 m.m. — 18*-82. This jMirallax work at 
Johannesburg is an extension to the southern skies of the pro- 
gramme carried through at Allegheny for the northern. The latter 
extended southwards to declination — 13° while the former is 
planned to cover the area between -f 10° and — 80°, so the two 
series will have a common stone 23° wide, about one-fifth of the 
whole sky. The observations are confined to stars of visual magni- 
tude 6-5 and brighter, having spectra not earlier than Ao. 

Dr. Schlesinger in his introduction comments on the number of 
large telescopes now located in South Africa, by means of which, 
aided by the favourable climate, the leeway in our knowledge of 
the south celestial hemisphere is beii^ so rapidly overtaken. In 
addition to the Yale telescope. South Afirica can now claim a 24-inoh 
photographic refractor at the Cape, a 26-6-inoh visual refractor at 
the Union Observatory, a 27-inoh visual refractor at the Lament- 
Hussey Branch at Bloemfontein, a 60-inoh reflector amd a 24-inoh 
camera at the Harvard Branch at Bloemfontein, two 16-ineh 
cameras at the Leyden Observatory Branch at Johannesburg, while, 
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most important of all, the construction of the 73-inch reflector for 
the Badcliife Observatory, transferred from Oxford to Pretoria, is 
proceeding apace. All these large instruments, with t he exception 
of the one at the Cape, have been brought into commission within 
the last dozen years. 

In Proc. Nat. Acad, of Sciences, 22, No. 6, Frederick H. Seares 
has a paper on the “ Selective Absorption of Starlight by Inter- 
stellar Clouds,” based on an examination of the colours of groups 
of stars, mostly between photographic magnitudes 10 and 13'6, 
situated in 30 of Kapteyn’s Selected Areas covering a wide range 
in galactic latitude. The differential scattering of starlight in its 
passage through nebulosity of any kind would naturally redden the 
stars observed through it, but there have been found certain puzzling 
abnormalities. Frequently stars of normal colour are found within 
the boundaries of obscured regions, and, while in some cases it can 
be inferred that the stars are in front of the cloud and therefore 
iminfluenoed by it, this explanation is not always valid, for it would 
sometimes imply that the cloud must be sharply bounded and so 
opaque as to Ude all the stars actually within it. A more probable 
explanation is that some of the stars observed are really within the 
cloud, but that the latter is composed of particles of such a size as 
to prohibit scattering of light and leave only a general absorption. 
Out of 42 groups of stars tabulated by Soares, 23 showed a colour 
excess equal in the mean to 0-6 mag., and therefore above the limit 
of permissible error. These 23 groups were found to be mostly 
within the zone of nebular avoidance or the bordering zones of 
partial obscuration, but eight of them were situated in latitudes 
where ordinarily only normal colours would be expected. An 
important discovery related to stars of class Ao. In unobscured 
regions their mean colour index was not zero as expected but 
— 0-14 mag. ; thus suggesting that the polar region is covered by 
a veil of obscuration, and that the fixing of the zero point of the 
international photographic scale was unconsciously influenced by 
an unexpected colour excess in the polar stars. 

These results, down to photographic magnitude 13*3, show a 
close correlation between selective absorption and the number of 
visible extra galactic nebulee. Certain areas obscured by specially 
dense clouds seem to be exceptional, and here the fluctuations in 
the colour excess are large and apparently unrelated to the general 
appearance of the fields. It is also noteworthy that the value of 
the colour excess seldom if ever exceeds one magnitude, and Seares 
considers that this restriction to an upper limit may eventually 
prove significant for the fuller interpretation of his results. 
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A Nbw Stab Guidb. — ^Amateur observera, whether they use a 
small telescope or the naked eye, who have some acquaintance with 
German, will find much useful and interesting information coi^m- 
ing accessible celestial objects in Am Femrohr by Dr. F. Becker 
(Berlin : Ferd. Diimmler, 1937. Price 2 marks, with 26 per cent, 
reduction abro8^). In its 48 pages it includes descriptions of the 
constellations, star charts down to the fourth magnitude, lists of 
double and variable stars, clusters, and nebuke, together with short 
descriptions of the moon and major planets. There are numerous 
explanatory figures. This reasonably priced little book can be 
recommended to all who desire a handy guide to the heavens. 

PHYSICS. By W. N. Bond, M.A., D.Sc., F.Inat.P., The University, 

Reading. 

Thb Fitzoebald-IjOkbntz Contbaction. — There are many experi- 
ments that have some bearing on the theory of relativity ; but 
the Michelson and Morley experiment is generally considered to 
be one of the more important. This experiment, which was origin- 
ally carried out in 1 883, may be regarded as an attempt to measure 
the motion of the Earth relative to the Luminiferous jEther (Phil. 
Mag., 151, 449, 1887). Now it is known that the time required 
to swim to a fixed point a mile away, and to return to the start- 
ing point, depends on the magnitude and direction of the water 
current. Therefore, if light wore transmitted in a “ luminiferous 
jether,” and obeyed similar laws, it was to be expected that the 
apparent velocity of light would change when the apparatus was 
rotated (for a rotation of the apparatus would orientate it differ- 
ently with regard to the supposed esther stream). And it was 
proposed to deduce the direction and magnitude of the earth’s 
velocity through the mther from the results of the experiment. 

Though the experiment has been tried many times, by different 
experimenters, at various times of the year (lest the earth were 
on occasions at rest relative to the lether), nevertheless, no varia- 
tion in the apparent velocity of light comparable with that expected 
has been obwrved. The earth appears to be always at rest in the 
sether. It was therefore suggest^ that the sether in and near the 
eeuth is being dragged along by the earth, so that there is no 
velocity of the apparatus relative to the aether. But an experi- 
ment by Sir Oliver Lodge failed to reveal any “ dragging ” of the 
tether near some rapidly rotating discs ; and thus it remained 
dilBSioult to imderstand why the motion of the earth through the 
tether had not been deteoted. 

In 1892, G. F. Fitxgerald suggested that there might be a eon- 
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traction of the apparatus, in the direction of its motion through 
the asther, of just the magnitude required to make the velocity 
of light appear to be constant. But when the experiment was 
repeated (in 1903) using different materials for the apparatus, a 
null result was again obtained. So it was concluded that the 
suggested contraction must occur to just the same extent with 
the new material. 

Meanwliile, the investigations of Lorentz (1896) on the mech- 
anics of moving electric charges had indicated that a change in 
length of just the required magnitude was to be expected, if the 
distances between the atoms of the solid were dependent on forces 
between electrical charges. In 1905, however, Albert Einstein 
made a much more far-reaching suggestion. He assumed that it 
was not possible by any experiment to detect uniform motion 
through the hypothetical aether. 

Let us consider the magnitude of the supposed effects. Accord- 
ing to the Fitzgerald-Lorentz theory, a moving body contracts in 
the direction of its motion through the aether in the ratio 1 to 
Vi — where v is its relative velocity and c is the velocity 

of light. We are ignorant of the velocity of the solar system 
through the aether, but we know that the earth's orbital speed is 
about 30 km. /sec. (the velocity of light being approximately 
300,000 km. /sec.). Even if at some part of its orbit the earth 
happened to be nearly at rest relative to the aether, it would be 
expected to have a relative motion of about 60 km. /sec. when it 
reached the opposite side of its orbit. Then we should have 
v/c = 1/5000, and a suggested contraction of about 2 parts in 
10*. Thus, according to this theory, turning the apparatus through 
a right-angle would (at some time of year) cause a change in length 
of at least one part in a hxmdred million. 

Another aspect of the Fitzgerald-Lorentz contraction has now 
been discussed (A. B. Wood, G. A. Tomlinson and L. Essen, Proc, 


Ray, Soc,, A, 158, 606-33, Feb. 1937). In the introduction Wood 
points out that Lorentz remarked as recently as 1921, “ There can 
be no question about the reality of this change of length." Wood 
then proceeds to discuss the problem of a rod that is in longi- 
tudinal vibration ; will its frequency depend on its velocity through 
the sBther ? The fundamental frequency N, for a rod of length 


1 /e 

l, of elasticity E and density p, is given by N = ^ w -• If there 

24 'V o 


is a real Fitzgerald-Lorentz contraction of the length I, when the 


rod is orientated so as to be moving end on ” through the cether, 


we might expect a corresponding change in the firequency, N, to 
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ooonr. But if N were found to be unchanged, it would be con- 
cluded that changes had occurred in E or p (or both), so as just 
to compensate for the change in 1 . It seems unlikely that the 
density, p, will change, because the motion would probably affect 
the density of the rod equally whether broadside or end-on to the 
aether drift. Attributing all the supposed compensating effect to 
a change in E, we should have to assume that the elasticity decreased 

in the ratio 1 to 1 — — and just neutralised the decrease in length, 

which was in the ratio 1 to Vl — r*/c*. 

Now, of recent years, very accurate methods have been devised 
for comparing standards of frequency ; and quartz rod oscillators 
are available, which appear to be particularly suitable for the 
vibrating rod experiment. The quartz rods need not be more 
than a few centimetres long, in contrast to the 4 or 6 metre 
arms of the interferometer used in a Michelson and Morley experi- 
ment ; and hence an experiment on oscillating rods would be free 
from some of the difficulties (of temperature control, etc.) experi- 
enced with the interferometer. 

The rest of the paper gives an account of experiments on oscil- 
lating quartz rods, carriwl out by Tomlinson and Essen at the 
National Physical Laboratory, i^fore describing these experi- 
ments, it may be mentioned that a null result would be of con- 
siderable interest. A believer in relativity might predict that the 
result certainly would be a null one ; and he might be but little 
interested in the suggested details of changes in length compensat- 
ing change in elasticity. Nevertheless, physics is an experimental 
science ; a null resiilt would give one more foundation for the 
theory of relativity and a result that was not null would set rela- 
tivity an awkward problem. 

A considerable amount of preliminary investigation was carried 
out in order to design oscillators that would be free from random 
fluctuations of frequency. Two horizontal bars of quartz crystal 
were finally chosen as oscillators. The bars were 54*3 mm. long 
parallel to the electric axis, and of square section, the sides of the 
square being 7*5 mm. in the directions of the optic and third axes. 
Each oscillator was surrounded by central and end electrodes 
clamped to silica tubes, and was carefully supported by a system 
of contacts and springs. Each cu^tal vibrated longitudinally in 
its flrst overtone mode, at a frequency of about 100 kilocycles per 
second ; and the rods were carefully ground so that the differmoe 
between the frequencies of the two oscillators was about 3 cycles 
per second. One crystal was in a stationary mounting, and the 
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other was mounted on a table that could be rotated about a ver- 
tical axis. 

Each crystal was kept in oscillation by having its electrodes 
connected to a valve circuit, and these circuits were coupled to 
valve amplifiers. The outputs of these two amplifiers were con- 
nected to the grids of two valves in a single circuit. The com- 
bined output was then amplified, to give a current varying sinusoid- 
ally with the frequency of the beats (about 3-6 cycles per second). 
Instead of obtaining a chronograph record of this sinusoidal cur- 
rent, a reed armature relay was interposed, so that the chrono- 
graph recorded a series of abrupt pulses, which could be timed to 
nearer than a thousandth of a second. 

The frequency of the beats (which is obtainable from the chrono- 
graph record) is equal to the difference between the frequencies of 
the two crystals. When the one crystal is rotated to a new orienta- 
tion, the difference between its frequency and that of the stationary 
crystal can again be obtained. And, hence, any change in fre- 
quency due to change in the orientation of the crystal can be 
measured. 

Great care was taken with the crystal mounting and thermal 
insulation. The electrical circuits were arranged so as not to affect 
the frequency of oscillation of the crystals and so that they were 
not affected by any other circuits ; all the coils used were toroids, 
screened by copper cases. And the effects of change in tempera- 
ture, pressure, applied potentials and so forth were investigated 
and found to be sufficiently small. In particular, it was found 
necessary to adjust the rotating mount so that its axis of rotation 
was vertical. Otherwise there was a slight change in frequency 
on rotation. This spurious change (jiossibly due to bending of 
the crystal) could not be confused with change due to sether drift ; 
for the former passes through one cycle during a rotation of 360°, 
whereas the latter would pass through two cycles. 

The experiment was tried at different times of day and year ; 
and it was found that the frequency did not change with orienta- 
tion by more than ± 4 parts in 10**. This result fully confirms 
the predictions of the theory of relativity. 

There is hardly any (if any) change in frequency with orienta- 
tion. It is possible that there really is a Fitzgerald-Lorentz con- 
traction due to the earth’s orbital motion through the ssther ; but 
if so, more than 99 per cent, of its effect must have been com- 
pensated by a corresponding change in the elasticity of the quarts. 

These experiments are probably the most accurate that have 
ever been performed in Physics. 
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Thk Maonktio Moment op Neutrons. — It may be recalled 
that in 1932 Dr. Chadwick announced the discovery of neutrons ; 
entities that have a mass that differs but little from the mass of 
a proton, but having apparently no nett electrical charge. Kver 
since their discovery, the question has naturally arisen, have neu- 
trons appreciable magnetic moment ? Several recent papers have 
some bearing on this topic. 

L. J. Laslett {Phys. Rev,, 51, 22, Jan. 1937) explains that cer- 
tain experimenters have found that iron and nickel produce greater 
scattering of neutrons (measured in the backward direction) than 
do neighbouring elements in the periodic table. In order to test 
whether this greater scattering was due to the ferro-magnetic pro- 
perties of the acatterer, Laslett compared the scattering at room 
temperature with that at temperatures above the Curie point. 
No significant decrease in scattering was observe^:!. Now, at tem- 
peratures above the Curie point the scatterer has lost its ferro- 
magnetic properties. Hence it is concluded that the excessive 
scattering of iron and nickel is not chiefiy duo to their ferro- 
magnetic properties. This does not necessarily imply, however, 
that the neutron has no magnetic moment. 

J. R. Dunning, P. N. Powers and H. G. Beyer (Phys, Rev,, 
51, 51, Jan. 1937) give a short account of experiments made to 
detect any alignment or polarisation of neutrons, due to their 
magnetic moment, on passing through strongly magnetised mate- 
rials. The effects produced were small, and in any single experi- 
ment they did not much exceed the probable error of the measure- 
ment. Taking all the experiments collectively, however, it appeared 
that the effect was real. 

J. G. Hoffman, M. S. Livingston and H. A. Bethe {Phys. Rev., 
51, 214, Feb. 1937) give an account of an attempt to observe the 
magnetic moment of the neutron through its selective scattering 
from magnetised iron. An experimental effect of 1-8 ± 0-64 per 
cent, was obtained. The effect is small, and is only 3-3 times the 
mean error ; but it appears to be significant. Moreover, the effect 
agrees with that obtained from an evaluation of Bloch’s theory, 
namely 2-3 per cent. 

There is also a theoretical paper (M. E. Rose and H. A. Bethe, 
Phys. Rev., 61, 206, Feb.. 1937) on “Nuclear Spins and Magnetic 
Moments in the Hartree Model.” 

Before leaving this subject, reference may be made to a letter 
from Q. N. Lewis and P. W. Schut* {Phys. Rev., 51, 369, March 
1937). They appear to have detected a refraction of neutroiu by 
paraffin ; and they also state that preliminary experiments strongly 
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indicate that a beam of neutrons oould be focused by means of 
a paraffin lens. 

A New Determination of A/c. — After a period of disagreement 
or of suspended judgment, there now appears to be a fair con- 
sensus of opinion that the experimental value of the electronic 
charge is about 4-803« x 10~'® e.8.u. ; and that the experimental 
value of the specific electronic charge is about c/m — l-767e X 10'' 
e.m.u./gm. These values, taken together with Rydberg’s equa- 
tion, are in reasonable agreement with the opinion expressed by 
Sir Arthur Eddington (Relativity Theory of Protons and Electrons, 
p. 306) that, in general, the uncorrected observational determina- 
tions of the natural constants should be consistent with hc/'Ine* 
= 187 and moling = 1834‘1. 

However, certain outstanding experimental disagreements still 
remain. In the previous article (Vol. XXXI, p. 686) reference was 
made to H. B. Robinson’s deduction from his magnetic spectrometer 
measurements that A/®=i‘378, xlO~'’; which agreed well with the 
value he deduced from Rydberg’s equation, namely 1*3799 x 10"*’. 
On the other hand, he deduced from the work of Kirkpatrick and 
Ross, and of Schaitberger, on the limit of the continuous X-ray 
spectrum, the values 1-3764 and 1-3757 x 10“^’. 

An account has now appeared (J. DuMond and V. BoUman, 
Phys. Rev., 51, 400-29, March 1937) of two precision determina- 
tions of the short wave-length limit of the continuous X-ray 
spectrum (using voltages of about 10,000 and 20,000). From these 
careful measurements, it is deduced that h/e =- (1-3762 ± 0-0003) 
X 10~^’. This result is in good accord with the X-ray determina- 
tions mentioned above ; and DuMond and BoUman draw special 
attention to the fact that these three concordant results disagree 
with the value deduced from Rydberg’s equation. They discuss 
the matter very fully, but do not find any satisfactory way of 
accounting for the discrepancy. It does not seem possible to 
proceed further in the matter tiU fresh accurate determinations 
of h/e are made by other methods. It is not unlikely, however, 
that the disagreement is due to a defect in theory. 

The Value of Gravity at Washington. — When the accurate 
value of the gravitational acceleration, g, at any place is discussed, 
two points of interest arise. Firstly, the question may be asked, 
why is it desirable to know the value of g accurately ? Probably 
the chief reason for requiring an accurate knowledge of the abso- 
lute value of g is that forces are generaUy measured in terms of 
the weight of bodies ; and the weight of any body is, in its turn, 
measured as the product of its mass and the gravitational aooelera- 
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tion. The other point of interest is that for the last thirty years 
it has been the custom to assume the value of g at Potsdam that 
was obtained by Kiihnen and Furtwangler under Helmert’s supwr- 
vision (1898 to 1906) and to deduce the value at any other plaoe 
by a comparison with the value at Potsdam. 

An instance of the advisability of knowing the value of g has 
recently occurred. In preparing for the general use of absolute 
electrical units, in place of the “ International *’ units that are in 
use at the present time, a fresh absolute determination of the ampere 
lias been made at the National Physical Laboratory (P. Vigoureux, 
Phil, Trane. Roy. Soc., A, 236, 133-64, Dec. 1936). The current- 
balance method was used. By this method, the square of the 
value of the current in electro-magnetic units is determined as 
the product of a force and a factor that depends on the geometrical 
form of the coils but not on their absolute size. Hence the current 
determination depends primarily on finding the value of Vmg, 
where m is the mass whose weight will keep the coils in equili- 
brium ; and an accurate knowledge of is essential. 

A determination of the value of g at Washington has now been 
made by P. R. Heyl and G. S. Cook {Joum. of Research, Nat. Bureau 
of Stand., 17, 805-40, Deo. 1936) ; and they compare their results 
with the value deduced from the Potsdam determination. The 
result of the new direct determination is given as (080-08 ± 0-003 
average departure) om.sec.'*. The value deduced by comparison 
with Potsdam may be taken to be 980-08, ± 0-003, in good agree- 
ment with the new value. But the relative determination had 
previously been supposed to give a value of 980-100. A correction 
had formerly been applied which was equivalent to extrapolating 
from the observed values and deducing the value that would have 
been given by a pendulum of zero mass. Heyl and Cook do not 
find that there is any need for such a correction in their own experi- 
ments ; and it is therefore likely that such a correction should 
not have been applied in the case of the Potsdam experiments. 

A brief reference may be made to some of the details of the 
Washington experiments. Four reversible pendulums of fused 
silica were used, carrying planes of fused silica or of stellite. Various 
materials were used for the supporting knife edges — fused sUica, 
agate, stellite and Halcomb chrome steel. The penduliuns were 
s^ng in air at a pressure of about 0-06 mm. of mercury, and were 
situated in a thermostat room in the basement. A Shortt clock 
fitted with a photo-electric cell gave pulses of current which were 
amplified and used to supply a neon lamp ; the penduliun was 
illuminated by this lamp, so that the pendulum and clock could 
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be compared by the method of coincidences. Finally it may be 
mentioned that the comparator consisted essentially of a tube of 
silica, a similar tube being used for the linear scale. 

GENERAL AND ORGANIC CHEMISTRY. By O. L. Beady, 

D.Sc., F.I.C., University College, London. 

Anbuein or Vitamin B,. — At the time of writing the last account 
of the organic chemistry of the vitamins (Science PBOGBEas, 1 936, 
475), the growth-promoting constituent of vitamin B, or lactoflavin 
had been synthesised ; although work on the antineuritic con- 
stituent of vitamin Bi isolable from rice polishings or brewer's 
yeast, now known as aneurin, had then made considerable progress, 
it was not described as it was thought that it would, in a short 
time, bo crowned by a successful synthesis ; this has now come to 
pass. 

For some time a good deal of discussion occurred as to whether 
various crystalline products of anti-neuritic activity isolated by 
various workers from several sources were identical. Numerous em- 
pirical formulae were suggested for these products C,H,0,N,Cl(Otake, 
J. Agric. Chem. Soc. Japan, 1931, 7, 775), Ci,H,ON,S (Windaus 
and co-workers, Z. physiol. Chem., 1932, 204, 123), C„H,,0»N«SC1| 
(van Veen, Z. physiol. Chem., 1932, 208, 126), C,,H|,0|N«SC1» 
(Jansen and co-workers, iZec. trav. chim., 1933, 52, 336). By 1936, 
however, it was generally admitted that the various products were 
more or less pure specimens of a single compound of empirical 
formula Ci,H,,ON«Cl,S. The first landmark in the determination 
of the constitution of aneurin was the observation of Windaus, 
Tschesche and Grieve {Z. physiol. Chem., 1934, 228, 27) that oxida- 
tion with nitric acid gave two products C»H,0,Ni which it was 
thought might be a dioxymethylpyrimidine and C,HjO|NS which 
gave a methyl ester and lost ammonia and hydrogen sulphide on 
warming with alkali. The authors suggested that this compound 
might be (I) but Niesser {Ber., 1034, 67, B, 2080) synthesised a 
compound of this structure which was not the same as the oxida- 
tion product of aneurin so put forward an alternative (II) 

H,C -CH 

i II 

S : C C.COjH 

\nh/ 

(I) 

The next important advance was due to Williams and his oo- 
workers (J. Amer. Chem. Soc., 1635, 67, 229, 536, 1849), who found 


:.cOgH 


HSC CH 


CH,.C S 

II i 

HO,CC CH 
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that aneurin hydrochloride at room temperature with sodium 
sulphite solution containing sulphur dioxide to bring it to pH4-5 
gave an almost quantitative yield of two compounds C»H,OlfS 
and CeH*0,NaS. The former contained a hydroxyl group and 
with nitric acid gave Windaus’ oxidation product CsHaOiNS which 
had been shown to be 4-methylthiazole-5-carboxylic acid (III) 
(Tomlinson, J. Chem, Soc.^ 1935, 1030 ; Clarke and Gurin, J. Amer. 
Chem. Soc., 1935, 57, 1876) and was accordingly given the structure 
(IV). The second product of sulphite fission was thought to be 
a 6-amino-pyrimidine sulphonic acid (V) and Williams suggested 
t»entatively the structure (VI) for aneurin itself. 


CH,.C S N— €.NH, 

II I II II 

CH,OH.CH,.C CH HC C.SO.H 

(IV) (V) 


N— CNH,C1 

II II .CH-S 

c c — ^ — -ar I 

I I i\c.— =0 

N=C.C,H, Cl I 1 

CH, CH,.CH,OH 
(VI) 


Todd and Bergel {J. Chem, Soc., 1936, 1659) synthesised a 
compound of this structure by treating the sodium salt of 8-amino- 
5-thioformamido-4-ethylpyrimidine (VII) with methyl-a-chloro-y- 
hydroxjrpropyl ketone (VIII) 



This compound resembled the natural vitamin hydrochloride in 
appearance and general solubilities but melted 30° lower and had 
no physiological activity. 

Williams (J. Amer. Chem. Soc., 1936, 58, 1063) then showed 
l^t the pyrimidine sulphonic acid from the sulphite cleavage of 
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aneuiin was (IX) as Cline by the action upon it of sodium in liquid 
ammonia succeeded in obtaining a small yield of 2 : 5-dimethyl* 
6-aminopyrimidine (X). Aneurin hydrochloride was accordingly 
formulated as (XI). 


CHjC 




C.NH, 


N C.CHjSOjH 


(IX) 


CH.C 


\ 

C.NH, 

II 

C.CH, 




(X) 


CHX’ 


y^\ 


C’.NH, 




CH— S 


N C— CH,— Nf 1 

Vh/ 

CH, CH,.CH,OH 

(XI) 


Cl, 


In the meantime Peters {Nature, 1936, 135, 107) observed that 
solutions of aneurin on oxidation acquired a blue fiuoresoenoe, 
Kuhn and his co-workers (Z. physiol. Chem., 1035, 234, 196) isolated 
a yellow substance from yeast which they called thiochrome which 
also fluoresced blue in alkaline solution and Barger, Bergel and 
Todd {Ber., 1935, 68, B, 2267) obtained thiochrome by oxidation 
of aneurin with alkaline potassium ferricyanide. Todd and Bergel 
(J. Chem. Soc., 1936, 1660) suggested the structure (XXI) for thio- 
chrome and Todd, Bergel, Praenkel-Conrat and Jacob {J, Chem. 
Soc., 1936, 1601) succeeded in proving this structure by synthesis. 
By condensing acetamidine (XII) with ethyl formylsuccinate (XIII) 
they obtained ethyl-4-hydroxy-2-methylpyrimidine-6-aoetate (XIV) 
which by a Curtius degradation gave 4-hydroxy-6-aminomethyl- 
2-methylpyrimidine (XV). This compound with nitrous acid gave 
4-hydroxy-6-hydroxymethyl-2-methylpyrimidine (XVI) which with 
phosphoryl chloride yielded 4-ohloro-6-chloromethyl-2-methylpyri- 
midine (XVII). ^S-Bromoethylaoetate (XVIII) was condensed with 
ethyl sodioacetoacetate and the product chlorinated with sulphuryl 
chloride and hydrolysed to give methyl-«-chloro-y-hydroxypropyl 
ketone (XIX) which on condensation with thiocarbamide gave 
2-amino-4-methyl-6-^-hydroxyethylthiazole (XX). By heating this 
compound with the 4-ohloro-5-ohloromethyl-2-methylpyr iinidin« 
(XVn), thiochrome (XXI) identical with that prepared from aneurin 
was obtained. 
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NH 


\ 

CH,.C COjEt 

CH,.C 

C.OH 

1 + 1 

^ 1 

II 

NH, CH.CH,.CO,Et 

N 

C.CH..CO,Et -3|- 

u 

Vih/^ 

(XII) (XIII) 

(XIV) 

HNO, 

CH,.C C.OH 



C.CH,OH 

CHj.c ca 

i " 

/ 

1 II 

N C.CH,NH, 

N C.CHjCl 

\’h/ 


Vh/ 

(XV) 

(XVI) 

(XVII) 


CH,.COOCH,.CH,Br + CH,.CO.CHNa.CO,Et -> 

(XVIII) 

CH,.COO.CH,.CH,.CH(CO,Et).CO.CH, 

CH,COO.CH,.CH,.CCI(CO,Et).CO.CH, 

HO.CH,.CH,.CHCl.CO.CH, 

(XIX) 


80 NH,) 


NH 




CH,.CH,OH 


N C.CH, 

(XX) 



N C.CH,C1 

Nch/ 


CH,.C C C C.CH, .CH, OH 

I II I II 

^ N C N OCH, 

Vh/N^h,/ 

(XXI) 


(XVU) 


Finally, two syntheaea of aneurin hare been achieved. Williams 
and Cline condensed ethyl-^-ethoxypropionate (XXII) with ethyl 
formate and treated the product with aoetamidine and obtain^ 
4-hydroxy-6-ethoxymethyl-2-methylpyrimidine (XXIII) which was 
converted to the hydrobromide of 4-amino-6-bromoraethyl-2- 
methylpyrimidine (XXIV) which with 4-methyl-6-/J-hydroxyethyl- 
thiazole (XXV) gave aneurin bromide (XXVI). 
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EtOOC.CH,.CH,OEt + HCO,Et EtOOC.CH(CHO).CH,OEt ^ 

(XXIT) 


CHa.C 




i 


\CB^ 
(XXIII) 


COH 


C.CHjOEt 


HOCI. \ 

*■ <x^;i 


\ HBr 

C.NH, ► 


y^\ /"\ 

CH,.C CNH.Br HC C.CH,.CH,OH 

Jr “ " 


(XXIV) 


C.CH.Br N C.CH, 


(XXV) 


y^\ . , 

CH,.C CNH, HO CCH,.CH,OH 


/^\ 


Br, 


N C N C.CH, 

\:::h/%jh,/ 

(XXVI) 


On conversion to the chloride the product was identical with the 
natural aneurin chloride in absorption spectrum and anti-neiuitio 
potency but diflFered in melting point by about 12°. The authors 
suggest that the natural product is a mixture of stereoisomerides 
of equal potency. 

Todd and Bergel {J. Chem. Soc., 1937, 364) condensed ethyl 
ethox 3 rmethylenemalonato (XXVIl) with acetamidine in the 
presence of sodium ethoxide to give ethyl 4-hydroxy-2-methyl- 
pyrimidine-6-carboxylate (XXVIII) which after chlorination with 
phosphoiyl chloride and heating with alcoholic ammonia under 
pressure gave ethyl 4-amino-2-methylpyrimidine-6-carboxylate 
(XXIX) which with concentrated aqueous ammonia gave the amide 
which was dehydrated to the nitrile (XXX) and reduced to the 
amine (XXXI). With aqueous potassium dithioformate the amine 
gave 4-amino-6-thiofonnamidomethyl-2-methylpyrimidine (XXXII) 
which on heating with methyl-a-ohloro-y-acetoxypropyl ketone 
(XXXIII) gave aneurin chloride. 


NH, EtO.OO 

+ kco.Et 

II II 

NH EtOCH 

(XXVH) 


y \ 

lir 


CH,.C C 


(xxvin) 


C.CX),Et 


N 


NH, 

O.CO,Et 


(XXIX) 
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y^\ y^\ /^\ 

CH,.0 C.NH, CTIj-C C.NH, CH,.C C.NH, 

I II -►I II -► I II A 

N C.CONH, N C.CN N C.CH^H, 

'Vh/' 'Vh/' V:Hy 


(XXX) 


(XXXI) 


y^\ 

C.NH, 

A I 

'Vh/\:h/ \h °C CHCl 

CH, CH,.CH,I 


OCOCH* 


(XXXII) 


(XXXIII) 




CH,.C CNH, CH-S 

non' ^ 

Vh/\:^h./\c .. 

I I 

CH, CH,.CH,OH J 


Their product had the same melting point and properties as the 
aneurin chloride synthesised by Williams and Cline. The authors 
consider that the difference in melting points between the synthetic 
and natural products is more likely due to dimorphism than stereo- 
isomerism, especially as oxidation of the synthetic compound gives 
a thiochrome identical in all respects with that obtained from 
natural aneurin. 

Labob Rings. — ^Thc interest stimulated by the work of Ruzicka 
on the preparation of strainless rings consisting of many carbon 
atoms has led to the production of heterocyclic rings of similar 
nature. Ruzioka, Goldberg, Hiirbin and Boekenoogen {Helv. Chim. 
Ada, 1933, 16, 1323) make use of the Beckmann rearrangement to 
prepare rings containing nitrogen atoms. For example, cydo- 
ootanone oxime (XXXIV) is converted by sulphuric acid containing 
20 per cent, by volume of water to the cyclic amide (XXXV) which 
with phosphorus pentasulphide followed by sodium hydroxide yields 
the thioamide (XXXVI). The latter on electrolytic reduction gave 
an 86 per cent, yield of the cyclic imine (XXXVII). 



:NOH -► [CHJ,< 


1H,.C0 


(XXXIV) (XXXV) 



H,.CS 


(XXXVI) 
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I 

(XXXVII) 


[CH.],3- 


/CHav 


(XXXVIII) 


The amide (XXXV) gave very poor yields on direct reduction. 
CycfcPentadecamethylene imine (XXXVIll) was obtained in a 
similar marmer. 

Diamines were obtained from diketones, for example cyrfotria- 
oontane-1 : 16-dione dioxime (XX XIX) gave ryr/odipentadeca- 
methylene imine (XL) or (XLI). 


I:C< ^:NOH NH< >NII or Nil/ >NH 

NcH,],/ NcHJ,/ NcH.b/ 

(XXXIX) (XL) (XLI) 


The formation of the cyclic amides from the oximes of large- 
ring ketones throws an interesting light on the mechanism of the 
Beckraami rearrangement involved. 


[CH,]n 


(— CH.\ 
[CH,], COH 


[CH.], 


-CH,— N 


CH,-NH 


The rupture of the carbon-carbon link * cannot be complete until 
the CH» group is already associated in some way with the nitrogen 
atom ; once the ring was opened one would expect the usual difficulties 
of closure and the small yields generally associated with the prepara- 
tion of, for example, nine-membered rings whereas 86-90 per cent, 
yields were obtained of the cyclic amide from the oximes of both 
cyclooctanone and cyclopentadecanone. 

Stoll and Scherrer {Helv. Chim. Acta, 1936, 19, 735) have recently 
prepared large rings containing an oxygen atom by treating, for 
example, mono-sodium tetradeoane-1 : 14-diol (XLII) with benzene 
sulphonyl chloride and boiling the ester with specially prepared 
finely divided sodium in benzene when the sodium derivative (XUII) 
is formed and partly cyclises to (XLIV). The yield of the cyclic 
compound is only 6 per cent, as side reactions take place. 

NaO[CII,]uOH -► C,H,80,.0.[CH,]„0H -► C,H.8O,.O.[0H,],4ON» 

(XLII) (XLIII) 


/CH.. 

[CH,]..<^ ^ + C, 
(XLIV) * 


!,H»SO,Na. 
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Another method adopted by these workers starts from hydroxy- 
propoxyundecoio acid (XLV) and proceeds as follows : — 

SOCI 

OH[CH,],.0.[CH,],o.CO,H C1[CH J,.O.tCH,]„.CO,Me 

in CHd* 
and MeOH 

(XLV) 


CHNa<CO,Me), tut x nxj tnxj i rx ri-iLT i nyr 

(COtMo),CH.[CH,],. 0 .[CH,l,o»C 03 |Mo ► 

dlatUl. 


— jL /[CH J 4 V 

CO,II.CH,.[CH.]a.0.lCH,]„.CO,H 0 < >20 


ro<luctlon 


0< >H, 


Inokoanio Compounds. — Royen and Hill (Z. anorg. Chem., 
1936, 229, 97) have reinvestigated the hydrides of phosphorus, 
they have prepared pure liquid hydrogen phosphide and shown 
it to be PtH 4 ; previously there had been some doubt of the molecu- 
lar weight of this compound. To the solid hydrogen phosphide 
Th6nard {Annalen, 1846, 55, 27) gave the formula P,H and Schonck 
and Buck (Ber., 1904, 37, 916) as the result of cryoscopic molecular 
weight determinations assigned to it the molecular formula Pj,H,. 
Schenck and Stock( Ber. ,1909, 42, 2849), determining the hydrogen 
and phosphorus directly, found that the comiK)und varied con- 
siderably in composition and Royen and Hill now suggest that the 
solid is not a definite compound but consists of amorphous yellow 
phosphorus with phospliine adsorbed upon it. They have been 
able to show that considerable amounts of phosphine may be 
adsorbed by phosphorus. 

Sponoer and Oddie {Nature, 1936, 138, 169) have prepared the 
hitherto unknown lithium alum by mixing molecular proportions 
of solutions in the minimum amount of water of the monohydrate 
of lithium sulphate and the octadecahydrate of aluminium sulphate, 
concentrating and cooling in ice and salt. 

Klemenc, Wechsberg and Wagner (Z. Elektrochem., 1934, 40, 
488 ; Z. physikal. Chem., 1934, 170, A, 97) in a study of the decom- 
position of carbon suboxide have obtained indications of the exist- 
ence of caurbon as a carmine-red gas of the structure dicarbon C|. 
The gas rapidly polymerises to a purplish red solid which gives an 
X-ray diagram identical with that of graphite. The evidence the 
authors deduoe in favour of the gas being C„ namely the appear- 
ance in the absorption spectrum of the products of decomposition 
of carbon suboxide of the head of the Swan band 4737 A, is not con- 
clusive as some hold the Swan bands are not due to a C| molecule 
(Johnson, Phil. Trane., 1926, 226, A, 167). 
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PHYSICAL CHEMISTRY. By H. W. MBi-vnxB. D.Sc., Ph.D., Colloid 
Science Laboratory, Cambridge. 

The Combustion of Hydbocarbons. — The variety and complexity 
of the phenomena encomitered in the slow and explosive combustion 
of hydrocarbons appear to be endless — so much so in fact that it 
would seem to be impossible to bring the general features of the 
processes within any comparatively simple co-ordinating scheme. 
Apart from the difficulty of accounting for the numerous products 
of the reactions, a complete theory must also be concordant with 
the observed kinetics. 

Combustion of Methane . — Systematic analytical studies through- 
out the course of combustion, made maiiily by Bone and his co- 
workers, have yielded adequate data about the chemistry of the 
reactions. For example, considering the oxidation of methane, 
there are produced formaldehyde, methyl alcohol, carbon monoxide, 
carbon dioxide, water and hydrogen. To explain the occurrence 
of these products. Bone suggested his so-called hydroylation theory, 
as is shown in the scheme below for methane. 

Slow Combustion 
^ CH,0, CO -h HaO 
CH,0^ 

^ CO -f H, 

Explosive Combustion 

In this oxygen atoms enter the methane molecule producing hydroxy- 
lated compoimds. These ultimately decompose to formaldehyde 
which in the slow combustion is further oxidised producing CO and 
HjO. In the explosive combustion, however, the formaldehyde is 
decomposed thermally to CO and H,, this reaction explaining the 
appearance of hydrogen in the explosive oxidation. 

Early in the development of the chain theory of oxidation reac- 
tions, Egerton, Bodenstein and Hinshelwood suggested that the 
chains were propagated by the formation of peroxides of the hydro- 
carbons which in turn activated imoxidised reactant molecules so 
continuing the chain. 

All hydrocarbon combustions present certain common features 
which must be explained in any comprehensive theory. The most 
remarkable of these is the induction period in which no reaction is 
detectable manometrically or anal3rtioally. The induction period 
may have a duration of a few seconds or a few hours. It is present 
in both slow and explosive combustion, but is usually shorter in 
the latter case. Moreover, it is possible to remove the induction 
period completely by adding a variety of molecules to the gas mix- 
ture. These include aldehydes. The velocity of the ensuing 
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reaction is, however, practically unaffected. Another feature — 
again a characteristic of a chain reaction — ^is the large effect of 
inhibitors such as iodine, the antiknocks, iron pentacarlJIlnyl, 
tetra-ethyl lead. Yet a second criterion of the occurrence of chains 
is the strong inhibition of the reaction by packing the vessel. Finally 
the complicated explosion phenomena require to be explained. The 
behaviour of methane is typical. The figure shows the explosive 
region as a function of temperature and pressure for a mixture of 
given composition. At a temi)eratiu*e A, therefore, there are no 
less than three ignition limits. The first (critical pressure limit 



Explonion limits of CH. + ISO, mixture {A/ter Neumann and SerbinuR, 
Phyt. Z. Sov.. I, 631, 1932.) 

increases in narrower vessels and hence surface processes exercise 
an important control here, whereas the second limit is unaffected 
by vessel dimensions. Any theory of the reaction must explain in 
addition the opposite effect of temperature on the first two limits. 
Further the onset of explosion is likewise preceded by an induction 
period of the same duration as that observed in the slow combus- 
tion. These are the main features, which are exhibited by methane 
in particular and to a less degree in the oxidation of other hydro- 
carbons. Mention of the effect of inhibitors and catalysts will be 
omitted as it unnecessarily complicates the discussion. 

Norrish {Proc. Roy. Soc., A, 150, 36, 1935) has recently sought 
to explain these results by postulating a very simple scheme for 
the oxidation of methane, namely 

O CH. - CH, + H,0 + 48 k.oal. 

CH, O, = CH,0 +0 -f- 16 k.cal. 

This cycle of reactions only describes the propagation of the reaction 
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chains. These, however, must be started and also terminated since 
the reaction velocity is finite. One obvious way in which the chains 
might be started is by the thermal dissociation of the hydrocarbons 
into free radicals. But the fact that the temperature (800-1000®) 
at which methane imdergoes pyrolysiB to carbon and hydrogen is 
several himdred degrees higher than that (600-600®) at which 
oxidation is measured, makes it appear unlikely that reaction is 
initiated in this way. This does not imply that free radicals can- 
not initiate combustion at low temperatures. If such radicals were 
liberated thermally or photochemically there is good reason to 
suppose that they would start the combustion process. Although 
it is extremely difficult to prove directly, it would seem that the 
consensus of opinion is in favour of combustion arising as a result 
of some heterogeneous reaction. That a chain reaction may be 
initiated at a gas-solid interface has been proved some time ago. 
In the hydrogen-oxygen reaction Alyea and Haber (Z. phys, Chem.^ 
B, 10, 193, 1930) showed that a surface is necessary for oxidation 
by demonstrating the explosion of crossed streams of hydrogen and 
oxygen in a nitrogen atmosphere on inserting a quartz rod at the 
same temperature into the gas mixture. Similarly in the phos- 
phorus-oxygen reaction at pressures less than 0*06 mm. the intro- 
duction of a hot tungsten filament will initiate a stable chain reaction 
(Melville and Ludlam, Proc. Boy, Soc., A, 135, 316, 1932). At 
such low pressures there is no question of heating the gases directly. 

It is not unlikely that oxygen atoms for example ore eject^ 
into the gas phase by the surface oxidation of the methane thus : 

CH 4 + Oa - HCHO + H.O 
CHjO + 0, - HCOOH + O 
I 

CO -f HjO 

If such be the case the question arises. Why is there an induction 
period at all ? The reaction should start straightaway since the 
lifetime of an oxygen atom is only of the order of a few milliseconds 
{cf, Harteck and Kopsch, Z, phys. Chem,, B, 12, 327, 1931). The 
oxygen atoms which escape from the surface initiate a straight chain 
reaction as is represented by the above equations, one molecule of 
formaldehyde being produced at each reaction cycle. But formalde- 
hyde also imdergoes rapid oxidation at these temperatures probably 
by two mechanisms 

CH.O -f O, « CO -f- H,0 + O . . . (o) 

CH,0 + iO, * CO -h HgO . . . . (6) 

since CO and H|0 are the products of its oxidation. It is important 
to note that the first reaction gives rise to an oxygen atom which 
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in turn initiateB another separate chain. Efiectively, then, itvo 
oxygen atoms arise for the original one which entered the omle of 
reactions. In kinetics the chain is said to branch. Formaldehyde 
will therefore be produced by the primary heterogeneous reaction 
and by the branching mechanism and it will be destroyed in reaction 
(6). On this hypothesis of Norrish, the induction period is the time 
during which the stationary concentration of formaldehyde is being 
built. \xp — mainly by the branching process. The reaction velocity 
will thus attain a maximum value when the concentration of 
formaldehyde is at a maximum. This exj)lanation of the occur- 
rence of the induction i)eriod receives support from the fact that 
formaldehyde when added in small quantities to the reaction mix- 
ture completely removes the induction period. For example, 
(Norrish and Foord, Proc, Roy, Soc,^ A, 157, 510, 1930) at 480° with 
CH4 = 0| = 100 mm., the induction period is about 40 sec., 0*5 mm. 
CHgO reduces it to 20 sec. while 2 mm. CHjO reduces it to less 
than 1 sec. The maximum rate of reaction is unaffected. 

At the end of the induction |>oriod the reaction velocity increases 
exponentially with time according to the equation, rate = const, 
Such a relationship is consistent with the mechanism suggested 
above. The mathematical development of this will bo found in the 
paper by Norrish and Foord (loc, cit,) {cf, also SemenofiF, Chemical 
Kinetics and Chain Reactions, Oxford, p. 67). 

In order to account for the kinetics of the slow combustion 
it is next necessary to enquire into the factors which control the 
stationary concentration of the short-lived chain earners CH, 
and 0. The reaction velocity will obviously be limited by the 
slower of the reactions of those carriers. Without going into 
great detail all the evidence would point to the fact that the 
reaction O + CH4 = CH, + H,0 is somewhat slower than 
CH, + O, = CH,0 -f O. Hence the reaction velocity vill be 
wholly controlled by the concentration of oxygen atoms. As has 
been mentioned, these are formed by the interaction of formalde- 
hyde and oxygen molecules. At pressures of the order of a few 
hundred millimetres the atoms disappear by diffusion to and com- 
bination on the walls as is shown by the fact that the reaction 
velocity is greater in wider tubes. At very high pressures of the 
order of several atmospheres, the character of the reaction changes 
and methyl alcohol is found in quantity in the reaction products 
(Newitt and Szego, Proc, Roy, Soc., A, 147, 665, 1934). Under 
these ciroumstanoes oxygen atoms cannot diffuse to the walls, 
but react in the gas phase in a ternary collision 0 + CH4 4- X 
CH,0H + X. At 60 atmospheres where the yield of CH,OH 
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is 60 per cent, there are only twenty bimoleoular collisions to every 
termolecular collision. Owing to the small concentration of oxygen 
atoms, combination to molecular oxygen in presence of a third 
molecule is negligible. Substances which increase (NOi) or decrease 
(PbMe«) the oxygen atom concentration thus modify the velocity 
profoundly when the chains are long. Unfortunately no quantita- 
tive measmrements have been made of the chain length. 

The next question is the mechanism of the onset of explosion. 
As a consequence of developments in kinetics in recent years, two 
types of explosion have come to be recognised. They may respec- 
tively be termed adiabatic and isothermal. In the first it is sup- 
posed that as a result of an exothermic reaction in a gas mixture 
— ^not necessarily a chain reaction — the heat accumulates more 
quickly than it can disappear by conduction, convection and radia- 
tion. Reaction velocity increases exponentially with time until a 
flame appears in the gas. In the second, imUmited reaction velocity 
may be attained in quite a different manner. In the discussion on 
the mechanism of the combustion of methane it was shown how it 
was possible for a reaction chain to branch. Consider a chain of 
» cycles and suppose the probability of branching is 6 at any one 
cycle. The probability of termination at any one cycle will simply 
be the reciprocal of the chain length, i.e. 1/n. When these two 
probabilities are equal, that is bn = 1, it is evident that the branched 
chain will be of indefinite length. This means that only one carrier 
is sufficient to cause reaction among all the molecules. On account 
of the minute time scale of collisional processes — at 760 mm. the 
time between collisions is 10“^® sec, — the moment these conditions 
are satisfied, an explosion will take place. In practice such extremes 
are rarely encountered and the combustion of hydrocarbons is no 
exception. It would appear that the explosion itself is the result 
of an exothermic reaction becoming adiabatic but that the reaction 
is actually a branching chain process. Branching need not therefore 
become quite so efficient as in a pure chain explosion. It is simply 
necessary for the reaction velocity to attain a value so that isothermal 
conditions cease to prevail in the reaction vessel. The quantitative 
development of the theory will be found in the papers by Norrish. 

CombutHon of Other Hydrocarbons. — A similar scheme may be 
put forward (Norrish, Proe. Roy. 8oc., A, 160, 49, 1936) for the 
oxidation of all saturated hydrocarbons. For example, in the 
oxidation of ethane a surface reaction of the following type again 
generate acetaldehyde and oxygen atoms 

, -I- O, » CH,CHO + H,0 

,OHO O, - CH,OOOH + O 
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Oxygen atonu in an analogous manner react thus in the propagation 
of the chain ^ 

O + C,H, - CH,CH + H,0 
CH,CH + Og - CHgCHO + O 

while branching ae before ia due to further oxidation of the aldehyde 
CHgCHO + Og = CHgCOOH + O 

The acetic acid is decomposed to CO and methane which is oxidised 
as before. The acetaldehyde is largely decomposed to CH« and CO 
which accounts for the large proportion of CO in the reaction pro- 
ducts. In the explosive reaction, hydrogen replaces water in the 
products. This is most likely due to thermal decomposition of 
formaldehyde formed in the combustion of methane. 

Olefines may also be brought within the scheme thus : 

CgH, + O, » 2CHgO 
CHgO + Og - HCOOH + 

and propagation 

CgHg + O - CHgO + CHg 
CHg + Og « CHgO + O 

Termination occurs by the removal of 0 atoms. 

It is evident from this brief survey that the comparatively 
simple mechanism proposed by Norrish explains the majority of 
the analytical and kinetic data. Owing, however, to the complexity 
of the problem, many new data will accumulate on these topics to 
modify and render more precise the views now current about hydro- 
carbon combustion. The important role assigned to the methylene 
radical makes it essential to isolate this radical and study its 
chemistry in some detail. 

Dnrusioir or Gxsss thbovoh Mbtals. — ^F or many years the 
question of the mechanism of the diffusion of gases through metals 
has not attracted much attention. Within the past year or so, 
however, several papers have appeared dealing with this problem 
from a number of aspects. In 1904 Richardson, Niool and Parnell 
(Phil. Mag,, 8g 1, 1904) showed that the rate of diffusion could be 
expressed by a simple formula, namely 

R xas const. 

where I is the thickness, p the pressure of gas on one side, the other 
side of the metal being in vacuo. Bo is a constant characteristic 
of the metal gas system-— in this case Hg— ‘Pt. A considerable 
number of experimmts carried out with other metals and hydrogen 
•upported the validity of this equation. The significance of the 
p* term is that the rate of diffusion is proportional to the conoen-’ 
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tration gradient of atoms dissolved in the metal, this in turn being 
proportional to the square root of the pressure of the gas. The 
exact signific^ance to be attached to Ej, was and even yet is not 
absolutely clear. It is certainly a composite quantity, but in any 
case is intimately bound up with the energy required to move the 
atom through the body of the metal. Recently Sin it hells and 
Ransley have published a series of papers (Proc. Rtry. Soc,, A, 150 , 
172, 1935; A, 152 , 706, 1935; A, 155 , 195, 1936; A, 157 , 292, 
1936), critically reviewing all the available experimental evidence 
on tliis question. From their own accurate experiments carried 
out over a very wide range by means of a sensitive technique and 
from those of others it emerges that the effect of temperature is 
accurately described by the above equation. Likewise the rate of 
diffusion is strictly proportional to the square root of the pressure 
except at low pressures when the rate varies with a higher power 
of the pressure. Such a departure becomes of Jess importance the 
higher the temperature of diffusion. Moreover, the rate of diffusion 
is sensitive to the treatment to which the surface of the metal has 
been subjected. As in catalytic reactions, repeated oxidation and 
reduction of the surface increases the rate of diffusion. All these 
observations point to the fact that the rate is modified by the amount 
of gas adsorbed on the surface, this latter concentration in turn 
controlling the concentration of atoms just inside the metal surface. 
Employing the simple typo of Langmuir adsorption isotherm, 
surface concentration = ap/(l 4- bp) where a and b are constants, 
Smithells and Ransley showed that their results could be quanti* 
tatively explained by adopting values for a and 6 which were not 
widely different from those directly meetsured in adsorption experi- 
ments. The variation of rate of diffusion with pressure conse- 
quently becomes 

D ^p^ap/{l “f bp) 

which reduces to D at high pressures when 1, Such 
behaviour is exhibited by hydrogen diffusing through Fe, Ni, Cu, 
Pd, Pt, Mo. Similar behaviour is obtained with aluminium (S* 
and R., II) though it is necessary to take precautions to prevent 
the aluminium surface becoming covered with oxide which forms 
a film impermeable to hydrogen. 

According to this view, diffusion is preceded by adsorption. 
Hence gases which are not appreciably adsorbed on metals should 
not diffuse through them. It is therefore understandable why 
nitrogen readily diffuses through iron and molybdenum, but refuses 
to go through copper and nickel. Naturally the inert gases do not 
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diffuse through metals though they go through silica glass oo^ 
paratively easily (Barrer, J. Chem. Soc., 378, 1934). Much con- 
troversy has ranged round the question as to whether diffusion of 
atoms occurs along the cracks and boundaries of the metal crystals 
or through the metal lattice itself. Smithells and Ransley have 
decided in favour of the latter alternative, at any rate in so far as 
hydrogen and iron are concerned, for they have shown that the rate 
of diffusion is within a few per cent, identical for a fine polycrjrstalline 
tube and for a single cr 3 TOtal. It is not unlikely therefore that the 
diffusion of hydrogen through other metals takes place in a simQar 
manner. 

While the departure of the rate of diffusion from the square 
root law at low pressures is undoubtedly due to adsorption effects, 
there is a much more serious question at high pressures. The rate 
of diffusion is governed by the concentration gradient of atoms 
inside the metal. There ought to be a limit to this when the metal 
becomes saturated with hydrogen, that is, at sufficiently high 
pressures, the rate of diffusion should become independent of pres- 
sure. Smithells and Ransley (IV) have gone up to 112 atmosphere 
with hydrogen and nickel ^ding that the square root law holds 
accurately. 

In any such gas-metal system there are four processes to be 
(Kinsidered. (1) Gas molecules strike the surface of the metal and 
are dissociated to atoms. (2) The reverse of (1). (3) The passage 
of adsorbed atoms into the metal. (4) The reverse of (3). By 
considering these processes alone it is not possibie to account for 
the square root law at high pressures where the surface is completely 
covered with atoms and the concentration inside the metal is at a 
steady value. To surmount this difficulty, Wang {Proc. Camb. 
Phil. Soc., 32, 657, 1936) has suggested that when a molecule strikes 
a vacant place on the surface one atom is adsorbed and the other 
penetrates inside the metal (process 6). It will be evident at once 
that this introduces a process which depends on the pressure of the 
gas outside the metal. The reverse process also occurs (6). The 
problem then is to deduce an expression to show how D and p are 
related. Briefly the method is as follows : 

At the gas-metal interface processes 1, 2, 6 and 6 are in opera- 
tion. The net rate of adsorption which must equal the rate of 
diffusion D is therefore given by 

R « Aj>(l - flj)* - B0i« + Fp(l - 6,) - G0iw, 

where A, B ... Q are constants, 0i is the fraction of the surface 
covered and Vi is the concentration of gas atoms just inside the 



SOIBKCB PBOOBBSS 


102 

metal. Similarly the net flow into the metal from the layer of 
adsorbed atoms is given by 

R = C0, - Dri(l - (?,) + F;>(1 - 6,) - Gfl.ri 

On the vacuum side the same processes are operative but with the 
signs reversed. Also p »= 0. Hence 

R = — 6j) — Cffj G0$t>f 

R =- Bfl,* + Ge»r, 

where the subscript 2 refers to the conditions on the vacuum side. 
In addition there is the equation for diffusion in the metal itself 


R = 


v» 


where E is the diffusion coefficient. First Vi and r, are eliminated, 
then 01 and 0,. When p is small, it can be shown that 

R ~ ji(A + F)p 

in reasonable agreement with experiment. On the other hand as 
p— > oc, 01 and 0, both approach unity and (1 — 0,) and (1 — 0,) 
are proportional to p”*. Under these conditions the above equations 
reduce to 


R* 


FG{B + C) 


"(■ *»[(■+»■ -I)-] 


p* 


as is required by the experiments of Smithells and Ransley. From 
this equation it will be seen how difficult it is to attach precise 
significance to the exponential term in the diffusion equation. Eq 
is certainly not the energy of activation for diffusion through the 
metal. Though there are a large number of constants in the final 
equation, a number such as A and F probably have small tempera- 
tuTO coefficients whereas B, C, D and O have large coefficients. 
Lack of exact information on these points precludes a determination 
of the true temperature coefficient of diffusion from the over-all 
coefficient. None the less it is Interesting to compare the values 
of the constant in the diffusion equation. The following data (taken 
from S. and R., I) show that although E varies from 4,000 to 20,000 
cals., the value of the constants almost lie within an order of 
magnitude. 


* Since R* this equation reduces to the simple form 

1 PE» /. . AOX 
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Byiteiu. 

Mean B. 

(C4te.). 

CousUut. 

H, - Ni 

14.000 

10 

X 10-» 

Hg Pt 

19,000 

13 

X lO-* 

H, -- Mo 1 

20.000 

9-3 

X 

H, Pd 

4,200 

41 

X 10~* 

Ht-Cu 

16.000 

0*91 

X 10-* 

H, -- Fo 

9,500 

! 

1*6 

X 10- • 


Mention has been made of the diffusion of gases other than 
hydrogen through metals. Nitrogen behaves similarly with iron 
molybdenum. Oxygon diflFusea through silver according to similar 
laws. The interaction of CO and O, with nickel, however, is of 
rather special interest. Oxygen diffuses through nickel at a 
measurable rate ' about 900'' C. (S. and R., IV) but the rate is 
practically independent of pressure above 0*25 mm., though a square 
root law appears to hold below this limit. From microphotographs 
of the nickel taken after diffusion has occurred it would appear that 
NiO is formed on the surface and dissolves in the nickel. Diffusion 
of oxygen from this solution of NiO in Ni is the rate controlling 
step when the pressure of oxygen rises above 0*25 mm. It is well 
known that when nickel is degassed m vcuauo large quantities of 
carbon monoxide are given off — a fact which seems to imply the 
ready diffusion of CO through nickel. On attempting to measure 
the diffusion of CO through nickel, Smithells and Ransley found 
it to be far too small to account for the rate of evolution of CO 
from ordinary nickel. This at once indicated that the carbon 
monoxide could not diffuse through nickel as CO, but separately 
08 carbon and oxygen. The proof of this supposition was given 
very neatly by performing the following experiment. A well- 
outgossed nickel tube carbonised on the inside and oxidised on the 
outside was heated in vacuo, CO collected on the inside and COt 
on the outside, showing that oxygen could diffuse to the carbon 
and carbon to the oxide. (It is of interest to note that if it is 
attempted to diffuse oxygen through nickel the process soon comes 
to a stop unless a reducing agent such as carbon is ready to remove 
it as CO.) The question now arises as to whether the diffusion of 
the oxygen or the carbon is the rate controlling step in the desorp- 
tion of CO from nickel. From the similarity in absolute rates and 
temperature ooefiicients of diffusion of carbon and of 00 desorption 
it would appear that carbon migration is the controlling process. 

^ To remove the oxygen as it accumulates on the high vacuum aide the 
tube was carbonised by heating in a current of acetylene. The oxygen was 
thus recovered as 00. 



SCIENCE PB0GBES8 


104 

GEOLOGY. By G. W. Tyrrell, A.B.C.Sc., D.Sc., The University, Glaagow. 
Tectonic, Reoional and Stratigkafhical Geology. — In a paper 
on “ Geologic Deductions from Earthquakes of Deep Focus J. S. 
de Lury (Journ. GeoLy XLIII, 1035, 759-64) says : “ Seismologists 
have established the existence of a high degree of rigidity down 
to great depths, but the commonly lield view that earthquakes 
are of shallow origin has lent support to the opinion that corre- 
spondingly shallow rocks alone can jiermit the slov accumulation 
of elastic stresses. This opinion must change with the growing 
evidence that earthquakes probably originate in all levels down 
to depths of 700 or more kms. The same evidence is disturbing 
to the assumptions of isostasy and to those hypotheses wliich rest 
on the concept of a shell of weakness.” 

In their paper on ” Deep-Focus Eartli quakes and their Geo- 
logical Significance,” A. I^eith and J. A. Sliar|XJ {Jmirn, Qeohy 
XLIV, 1936, 877-917) discuss the environment and the character- 
istics of deep earthquakes. They believe that the type of process 
involved is probably normal fracturing in response to external 
stress differences. The possible known sources of stress seem in- 
adequate to act as primary causes of deep earthquakes, but may 
be important as ” triggers.” The seismic evidence points to an 
increase in strength from the surface downwards, and the concept 
of a weak substratum is therefore believed to be invalid. 

Other papers dealing with the condition and dynamics of the 
interior of the earth are the following : R. A. Daly, ” Testing a 
Theory of the Earth’s Interior ” (Jmirn, Wash. Acad, Sci,y 25^ 
1935, 389-99) ; P. Eskola, “ Wie ist die Anordnung der ausseren 
Erdspharen nach der Dichte zustande gekommen ? ” (Qeol, Mundach.y 
XXVII, 1936, 61-73) ; R. A. Daly, ” The Sub-Pacific Crust ” {Proc. 
Fifth Pacific Sci, Cong,y Victoria and Vanemver, 1933. Reprint 
dated 1934, pp. 2503-10). 

The following geophysical papers contain data bearing on the 
same subjects as above : D. T. Griggs, “ Deformation of Rocks 
under High Confining Pressures ” (Journ. Oealy XLIV, 1936, 
541-77) ; P. W. Bridgeman, “ Shearing Phenomena at High Pres- 
sure of Possible Importance for Geology (ibid,, 653-9) ; F. Birch 
and R. B. Dow, Compressibility of Rocks and Glasses at High 
Temperatures and Pressures : Seismological Application (BvM. 
OeoL Soc. Amer.y 47, 1936, 1236-56) ; J. M. Ide, “ Comparison of 
Statically and Dynamically Determined Young’s Modulus of 
Rocks ” (Proc. Nat. Acad. Sci., U.8.A., 22, 1936, 81-92) ; J. M. 
Ide, ‘‘ The Elastic Properties of Rooks. A Correlation of Theory 
and Experiment ” (ibid., 482-96). 
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An important book on fundamental tectonic and stratigraphical 
questions has recently appeared ; F. Kossmatt, “ Palaogeograpifte 
und Tektonik ” (Berlin : Bomtraeger, 1936, 413 pp.). which is the 
subject of a long review by C. Schuohert entitled, “ The Evolving 
Face of the Earth ” (Amer. Joum. Set., XXXIII, 1937, 308-11). 
In a suggestive essay entitled “ Erdgeschichte und Bewegungsbild 
der Erde,” S. von Bubnoff (Zeitach. f. gea. NcUurwiss., 5, 1936, 
185-204) also deals critically with some of the fundamental con- 
ceptions of regional stratigraphy and tectonics. 

In his Harvard Tercentenary address on “ Sedimentation in 
Relation to Tectonics,” E. B. Bailey (Bull. Oeol. Soc. Amer., 47, 
1936, 1713-26) discusses the use of the criteria of current and graded 
bedding for stratigraphic sequences and tectonic conditions. He 
shows that there is a significant connection between graded bed- 
ding and geosynclinal depression, where submarine earthquakes 
function as intermittent distributors of sand and mud. Dr. Bailey 
passes on to a suggestive discussion of radiolarian cherts and ophio- 
litic rocks, and their tectonic implications. 

Reviewing the “ Late Palseozoic Crustal Movements of Europe 
and North America,” on the basis of the conclusions arrived at 
by H. Stille and W. H. Bucher concerning epeirogenic and orogenic 
crustal movements, R. C. Moore (BuU. Amer. Assoc. Petroleum 
Oeol., 19, 1935, 1253-1305) recognises at least nine formations of 
Post-Devonian times in North America, which are separated by 
breaks representing earth movements. Times of orogenic move- 
ment in Europe apt)ear to be matched by epeirogenic movements 
in North America. Similarly, orogeny in America is represented 
by epeirogeny in Europe. 

8. von Bubnoff has distributed two excerpts from his Oeologie 
von Europa, namely, ” Der westeuropaische Bau ” (Bd. II, Teil 2, 
1936, 1416-24) and “ Das Quarter Nord- und Mittel-europas ” 
(ibid., 1425-82) wliich are valuable summaries of their respective 
subjects. 

In a paper entitled, “ Rythmes du m^tamorphisme dans les 
Highlands ” J. de Lapparent (BuU. Soc, Oeol. France (6), V, 1936, 
281-317) details observations made during the excursion of the 
International Pre-Cambrian Association to Scotland in 1934. He 
puts forward some novel ideas as, for example, that the Eilde Flags 
may be a metamorphosed representative of Cambrian Fuooid beds. 

In their important memoir ” Perthshire Tectonics : Sohiohallion 
to Glen Lyon,” E. B. Bailey and W. J. McCallien (Trans. Roy 
Soc, Edin., UX, Pt. I, 1987, 79-1 16) state that the Dalradian boun- 
dary has been shown to be a slide affected by considerable over- 



SOIBNOB PBOailESS 


106 

folding. This overfolding has brought into one and the same 
district Dalradian with and without a Blair Atholl component. 
Other slides include the Sohichallion Slide, as spectacular as any 
thrust in the North-West Highlands. Large-scale inversion is 
common in the district. All the big recumbent folding and refold- 
ing is towards the south-east. 

Through the use of current bedding H. H. Read (Qeol. Mag., 
LXXIII, 1936, 468-76) has been able to show that the stratigraphi- 
cal order of the Dalradian in the Keith Division of Banffshire is 
from Cullen Quartzite upwards to Cowhythe Gneiss. Similarly, 
graded bedding in the Banff Division shows that the order of suc- 
cession is from Boyne Limestone upwards to Macduff Slates and 
Grits. The latter part of the investigation shows that it is pos- 
sible to detect graded bedding and establish the stratigraphical 
order even in totally recrystallised sediments. 

Notwithstanding the difficulty of interjiretation of the contact 
sections J. G. C. Anderson (Qeol. Mag., LXXIII, 1936, 636-46) 
has found it possible to demonstrate that the Girvan-Ballantrae 
Serpentine is intrusive into Arenig lavas and sediments. Some of 
the contacts exhibit a narrow belt of shearing within the serpen- 
tine in which schistose rocks have been produced. This pheno- 
menon can be readily interpreted if the serpentine is intrusive, 
but has no meaning if the contact represents an erosion sur- 
face. 

In “ Further Observations on the Ballantrae Igneous Complex, 
South Ayrshire,” D. Balsillie {Qeol. Mag., LXXIV, 1937, 20-38) 
describes metamorphosed dolerites and gabbros, some interesting 
replacement granites and crush rocks, and also expounds his view 
that the Ballantrae Serpentine is of Pre-Arenig age. This view is 
based on observations of foliation, of highly recrystallised pyroxenio 
and amphibolic granulites occurring very close to unaltered Arenig 
lavas, and on the occurrence of similar recrystallised rocks as 
boulders within an Arenig agglomerate. 

The geology of Inchkeith, an island in the Firth of Forth con- 
sisting of Lower Carboniferous sediments with basaltic lavas, 
intruded by a sill of teschenite, has been the subject of a detailed 
investigation by L. M. Davies (Trans. Boy. Soc. Edin., LVIII, 
Pt. Ill, 1936, 763-86). 

The memoir by J. Weir and D. Leitoh on ” The Zonal Distribu- 
tion of the Non-marine Lamellibranohs in the Coal Measures of 
Scotland ” (Trana. Boy. Soc. Edin., LVIII, Pt. Ill, 1936, 697-751), 
while mainly palseontologioal, has many important applications to 
problems of stratigraphical correlation, both as to horisons in 
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different parts of the same coalfield, and to horizons in differe|^t 
eoalfields. These problems are discussed in full detail. 

Owing to the discovery by C. A. Matley and B. Smith (Quart. 
Joum. Geol. Soc., XCII, 1936, 188-200) of a basal conglomerate 
with overlying Arenig beds, the age of the Sam Granite (Lleyn 
peninsula), so long a matter of dispute, is now definitely proved 
to be pre-Ordovician, and, by comparison with certain other 
granites, probably Pre-Cambrian. 

“ Contributions & I’^tude g^ologiques des ties de la Manche et 
du Tr^gorrois ” is a valuable account of the geology of the Channel 
Islands (mainly Jersey) and of the neighbouring parts of Brittany, 
which has been written by A. J. Robinson and A. E. Mourant 
(Mem. Soc. Ofol. et Min. Bretagne, III, 1936, 100 pp.) as a record 
of an excursion to Jersey by the Geological and Mineralogical 
Society of Brittany. There is also included a study of the raised 
beaches and platforms by A. Bigot, observations and notes by 
Y. Milon, and a paper on the volcanic rocks of Tr^gorrois by 
A. E. Mourant. 

In his paper “ The Tectonics of the Purbeck and Ridgeway 
Faults in Dorset,” W. J. Arkell (Oeol. Mag., LXXIll, 1036, 66-73 ; 
97-118) shows that the accepted view of these fractures as thrusts 
from north to south is untenable. The Purbeck Fault is a normal 
fault downthrowing north, and denotes a relaxation of pressure 
or even tension. The Ridgeway Fault is a reversed faxilt upthrown 
on the south side, and has undoubtedly been produced under 
pressure. Some important stratigraphical and tectonic conclusions 
follow from this investigation. 

An excellent summary of the ” Geology of North-East Ireland ” 
is given by J. K. Charlesworth and several colleagues in a paper 
provided for a summer excursion of the Geologists’ Association, 
and in a Report of the excursion (Proc. Oeol. Aseoc., XLVl, 1935, 
441-86 ; 493-602). Much new information is skilfully combined 
with the old. J. E. Richey at the same time discusses the age of 
the Slieve Gullion Qabbros (ibid., 487-92) which are now shown to 
be Caledonian, and not Tertiary as hitherto assumed. 

In a paper on ” Reinterpretation of the Bray Series at Howth, 
Irish Free State,” A. Lament (Oeol. Mag., LXXIII, 1936, 646-60) 
invokes probable earthquake action and contemporaneous slump- 
ing to explain the altei^ting (grejrwacke) type of sedimentation 
And the associated shaly breccias. The quartzites of the Bray 
Series are interpreted as marine accumulations of eeolian sand 
derived from surrounding deserts. 

In his paper on “ Die Umgrenzung der Svekofenniden,” H. Q. 
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Baoklund (Bull. Oeol. Inat. Upadla, XXVII, 1937, 219-69) assembles 
the data for the subdivision of Fennoscandia into a series of ero- 
genic cycles or fold-mountain units, and deals particularly with the 
delimitation in time and space of the oldest series, the Svecofennides. 

The note by H. G. Backlund, “ Zur Tektonik des nord- 
schwedischen Hochgebirge ” (Oeol. Rundach.. XXVI, 1935, 429-32), 
is a preliminary explanation of the geological map of the Vaster- 
botten district published in 1929 by Backlund and Quensel. It 
concerns a region of Caledonian movements in which tectonic and 
petrogenetic problems are closely associated. 

H. von Eckermann’s monumental memoir on “ The Loos- 
Hamra Region,” Helsingland, Sweden, fills a gap in the Pre- 
Cambrian stratigraphy of Sweden (Oeol. For. Fork. Stockholm, 58, 
1936, 129-343). The stratigraphy, tectonics, petrography and 
metamorphism of all formations from the Lower Archasan leptite 
series to the late Pre-Cambrian Jotnian sediments and igneous 
rocks, have been very fully dealt with, and important results have 
been obtained. One of the most important, namely, that the 
" Sub-Jotnian Unconformity ” of Hogbom’s is non-existent, is 
further elucidated in the author’s additional paper on “ The Jotnian 
Formation and the Sub-Jotnian Unconformity ” (ibid., 59, 1937, 
19-58). Von Eckermann assembles stratigraphioal, tectonic and 
petrographic evidence to show that the Jotnian represents a single 
unitary non-orogenic formation, consisting of sediments deposited 
in an arid region. The series is correlated with the Keweenawan 
of North America. The Rapakiwi Granites are believed to be 
magmatically consanguineous with the Jotnian diabases. 

R. Norm’s memoir “ Contributions to the Geology of Western 
Blekinge ” (Oeol. For. Fork. Stockholm, 58, 1936, 481-660) con- 
cerns a region in the south of Sweden consisting of Arclusan super- 
crustal rocks of the Leptite formation, which have been intruded 
and migmatitised by a number of later, but still Archaean, gneiss- 
granites and ordinary granites. It is probable that at least one 
of the granites is of palingenetic origin. 

The foUowing are two recent publications on the geology of 
Spanish mountains in the well-known Gottingen series edit^ by 
H. Stille : “ Beitrage zur Geologie der westUohen Mediterrange- 
biete,” No. 12, H. Karrenberg, ” Die postvariscische Entwicklung 
des Kantabro-Asturischen Gebirges (Nordwestspanien) ” (Abh. Ota. 
Wiaa. Out. Math.-Nat. Kl. Ill, Heft 11, 1934, 104 pp.) ; No. 18, 
P. Misch, ” Der Ban der mittleren Sudpyrenaen ” (ibid.. Heft 12, 
1934, 168 pp.). These two works are fully reviewed in Qtogr. 
Joum., February 1936, 158-60. 
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An enormous work by R. von Klebelsberg, “ Geologic ^n 
Tirol ” (Berlin : Borntraeger, 1935, 872 pp.), is also reviewed in 
the Qeogr. Joum., February 1936, 162-3. 

The following are some recent papers on Russian tectonics and 
stratigraphy : K. N. PaflFenholz, “ The Basin of Lake Gokcha 
(Sevan). Geological Outline ” {Tram. United Oeol. and Prospect- 
ing Service, USSR., Fasc. 219, 1934, pp. 1-94 [Russian], 95-105 
[English summary]) ; A. Zakrevska, “ Description g6ologique et 
g^omorphologique du Pol688i6 dc Tchernigov (entre les rivieres 
Desna et Dnipro) {Acad. Sci. d’Ulcraine. Trav. Inst. 06ol. Kiev, 
Livr. Ill, 1936, pp. 1-178 [Russian], 179-82 [French resum^]) ; 
M. M. Tetiayev, “ On the Question of Tectonic in North Caucasus ’’ 
{Problems of Soviet Qedogy, V, No. 10, 1935, 901-21) ; N. N. 
Dinguelschtedt, “ On the Subject of Stratigraphy and Tectonics 
of the South Urals ” {ibid.. No. 8, 1935, 745-64). N. I. Svitalsky 
{ibid.. No. 5, 419-40) summarises the main tasks that await Russian 
geologists in attempting to correlate the l*re-Cainbrian of European 
Russia with that of the rest of Europe. 

In view of the Northern Excursion (Kola Peninsula and Mur- 
mansk) which is to take place before the International Geological 
Congress at Moscow in July, the following works are of the utmost 
value : A. A. Polkanov, “ Geological Review of the Kola Penin- 
sula ” {Tram. Arctic Imt. USSR., LIII, Geology, 1936, pp. 1-146 
[Russian], 146-64 [English summary], 164-71 [Bibliography]); 
A. A. Polkanov, “ Geological Outline of the Eastern Part of Fen- 
noBcandia — Kola Peninsula and Carelia ; and the Actual Geo- 
chronologic Problems on the Radioactive Disintegration ” {BuU. 
Acad. Sd. USSR., 1936, 421-44, 441-4 English summary) ; S. 
von Bubnoff, Die Halbinsel Kola ” {Oed. Rundsch., 28 , 1937, 1-47). 

The geology of Arctic regions is represented by the following 
memoirs : B. Y. Milordovitch, “ On Upper Silurian Tillite-like 
Deposits of Novaya Zemlya " {Problems of Soviet Geology, V, No. 
11, 1935, 1030-6) ; H. Butler, “ Die Maohtigkeit der Kaledonischen 
Molasse in Ostgrdnland ” {Mitt. Naturf. Oes. Schaffhausen, XII, 
1935, 17-33) ; and H. Frebold, “ Geologie von Spitsbergen, der 
Bilreninsel, dee KOnig Karl- und Franz-Joseph-Landes ” (Berlin : 
Borntraeger, 1985, 195 pp.), which may be regarded as the modem 
equivalent of Natfaorst’s classic memoir of 1910. It is fully rOAriewed 
by K. 8. Bandford in Oeol. Mag., LXXIII, 1936, 92-3. 

Recent interest in the geology of Newfoundland is exemplified 
by the publication of the following memoirs ; C. Sohuohert and 
C. 0 . Dunbar, “ Stratigraphy of Western Newfoundland ” {Oeol. 
Soe. Atner., Memoir 1, 1934, 1-128) ; Q. R. Heyl, “ Geology and 
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Mineral Deposits of the Bay of Exploits Area ” {Newfoundland : 
Dept, of Natural Beaourcet, Oeol. Sect., Bull. No. 3, 1936, 68 pp.). 

The “ Geology of Chaleur Bay,” in the geologically famous 
Gasp6 peninsula, is the subject of a memoir by F. J. Alcook {Canada : 
Oeol. Surv. Mem. 183, 1936, 146 pp.). The formations range from 
Upper Cambrian to Pennsylvanian. 

The “ Notes on the Pre-Cambrian of the Canadian Shield with 
References to Pre-Cambrian Nomenolatxire,” assembled by the late 
R. W. Brock, have been published with a prefatory note by T. C. 
Phemister {Oeol. Mag., LXXIII, 1936, 119-41). Brock recognised 
four cycles of sediments, volcanics and intrusions, separated by 
one small and two great imconformities. He makes a comparison 
between the Canadian Pre-Cambrian sequence and that established 
by Sederholm for Fennoscandia. 

The memoir by C. K. Leith, R. J. Lund and A. Leith on the 
” Pre-Cambrian Rocks of the Lake Superior Region ” {U.8. Oeol. 
Surv., Prof. Paper 184, 1936, 34 pp.) is ‘‘ a review of newly dis- 
covered geologic features with a revised geologic map,” bringing 
the geology of this classic Pre-Cambrian region up to date from 
the great monograph on the same subject published in 1911. The 
well-known “ iron formations ” are assigned to Middle and Upper 
Huronian ages, and the theories of their origin are reviewed. The 
three great periods of granitic intrusion — Laurentian, Algoman and 
Killamean — are more closely delimited. The signihoanoe of the 
terms “ Archiean ” and “ Algonkian ” is now mainly petrological, 
and not chronological as in the earlier memoir. 

The following are some recent large memoirs on various aspects 
of the atratigraphioal and regional geology of the western United 
States : T. S. Lovering, ‘‘ Geology and Ore Deposits of the Breoken- 
ridge Mining District, Colorado ” {U.S. Oeol. Surv., Prof. Paper 
176, 1934, 64 pp.) ; T. B. Nolan, ” The Gold Hill Mining District, 
Utah ” (iWd., Prof. Paper 177, 1936, 172 pp.) ; A. A. Baker, C. H. 
Dane and J. B. Reeside, Jr., “ Correlation of the Jurassic Forma- 
tions of Parts of Utah, Arizona, New Mexico and Colorado ” {^nd.. 
Prof. Paper 183, 1936, 66 pp.) ; N. E. A. Hinds, ” Unoompahgran 
and Beltian Deposits in Western North America ” {Cam. Inst. 
Waahington, Pvbl, No. 463, 1936, 68-136) ; K. C. Dunham, “ The 
Geology of the Organ Mountains ” {New Mexico School of Minu. 
State Bureau of Minee and Mineral Reaources, Bull. No. 11, 1936, 
272 pp.). The last-named memoir deals with a region in New 
Mexico which consists mainly of a great granite batholith covered 
with PaliBOzoio rocks. This block was uplifted towards the end 
of the Cretaceous, and then covered with rhyolites, andesites and 
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basalts of Tertiary age. A large intrusion of monzonite th^i 
invaded the complex, bringing in the ore deposits of the region. 
This memoir is replete with valuable stratigraphical and petro- 
graphioal detail. 

L. Rutten’s paper on “ Alte Land- und Meeresverbindungen 
in West-Indien und Zentralamerika ” (Oeol. Rundsch., 26 , 1935, 
65-94) is a valuable summary of recent literature which should 
be noted in connection with Professor Schuchert’s recent book 
(reviewed in Science Pkoohess, Oct. 1936, p. 374). W. Bowie’s 
“ Significance of Gravity Anomalies at Stations in the West 
Indies ” (Bull. Oeol. Soc. Amer., 46 , 1935, 869-78) should also be 
read in the same connection. 

A long but unsuccessful search for oil in western Algeria has 
nevertheless had its value for regional geology in the publication 
of a magnificent memoir by R. van Vleck Anderson entitled “ Geo- 
logy in the Coastal Atlas of Western Algeria ” (Oed. Soc. Amer., 
Mem. 4, 1936, 450 pp.). The rocks are mainly Tertiary and have 
been subjected to strong otogenic movements. 

Another fine memoir in the same series is A. C. Veatch’s “ Evolu- 
tion of the Congo Basin ” (Geol. Soc. Amer., Mem. 3, 1935, 183 pp.), 
which has been reviewed by C. Schuchert in “ The Congo Basin in 
its Relation to the Rest of Africa ” (Amer. Joum. Set., XXXI, 

1936, 67-73). 

In his great memoir on “ East African Plateaus and Rift 
Valleys ” Bailey Willis (Cam. Irtel. WaehingUm, 1936, 358 pp.) 
attributes the origin of the plateaus to the swelling of a hypo- 
thetical asthenolith, and the bounding rift valleys to the failure 
of the walls of the molten mass. The theory is explained in more 
detail in a review by R. T. Chamberlin (Joum. Oed., XLV, 1937, 
216-19). 

Sir Lewis L. Fermor has published “ An Attempt at the Correla- 
tion of the Ancient Schistose Formations of Peninsular India ” 
(Mem. Oed. Survey India, 70 , Pt. 1 , 1936, 51 pp.), whicli is the 
subject of reviews by J. A. Dunn (Oed. Mag., LXXIV, 1937, 
186-7 ; Boon. Oed., XXXII, 1937, 110-13). 

The following are recent works on Himalayan geology : D. N. 
Wadis, “ On the Cretaceous and Eocene Volcanic Rocks of the 
Great Himalaya Range in North Kashmir ” (i2ec. Oed. Surv. India, 
68» 1986, 419) ; D. N. Wadia, “ The Tiend-hne of the Himalaya 
~its North-West and South-East Limits ” (Himalayan Joum., 
Vm, 1986, 08-9); L. E. Wager, "The Aron River Drainage 
Pattern and the BiM of the Himalaya " (Qeogr. Joum., LXXXIX, 

1937, 289-60). In this study the author argues that the Arun is 
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antecedent to the Himalaya, having been established in its present 
course prior to the rise of the mountains across the valleys of the 
southward-running rivers. If this view is correct an important 
early stage in the surface form of the Himalayan region is estab- 
lished, and some indication of the mechanism by which the range 
has grown to its present height is given. 

C. Schuchert discusses the “ Geologic Interpretation of the 
Bathymetry of the East Indian Archipelago” {Aimr. Joum. 8c4., 
XXXII, 1936, 292-7), on the basis of the results of the Snellius 
Expedition of 1929-30. “ The East Indian Archi|x>lago, with its 

several abyssal intermediate basins and its island festoons with 
troughs on either side of the lands, makes a highly variable morpho- 
logical complex that was wrought out of the East Indian medi- 
terranean cliiefly through its inherent jieriodic dynamic action, 
assisted by the pressures generated by the approacliing continents 
of Asia and Australasia.” 

R. T. Chamberlin has written a long review of the geological 
results of the Snellius Expedition (Journ. GeoL, XLIV, 1936, 648- 
660) in which he states that this work constitutes a major con- 
tribution to tectonic geology. 

Although T. Tomita’s memoir on the “ Geology of Dogo, Oki 
Islands, in the Japan Sea ” {Joum. Shanghai Set. Jnat., Sect. II, 
2, 1936, 37-146) deals mainly with Tertiary igneous rocks, it is 
also concerned with stratigraphy. Dogo consists of Tertiary sedi- 
ments (Miocene-Pliocene) resting on a basement of gneisses and 
granites of post-Palasozoic but pre-Jurassic age. 

An important Australian stratigraphical memoir is F. W. 
Whitehouse’s The Cambrian Faunas of North-Eastern Australia, 
Parts 1 and 2 ” {Mem. Queensland Mus., IX, Pt. 1, pp. 69, 112, 
1936), which is reviewed in Amer. Joum. Set., XXXII, 1936, 397-8). 

In “ The Geology of the Region about I^reservation and Chalky 
Inlets, South-West Fiordland, New Zealand ” a detailed account 
of a difficult and inaccesible region is presented by W. N. Benson, 
J. A. Bartrum and a number of collaborators. These papers will 
remain authoritative for New Zealand Orodovician geology for a 
long period. Part I {Trans. N.Z. Inst., 63 , 1933, 393-432) gives 
the l^torical Introduction, Summary of General Geology, and 
Detailed Account of the Unfossiliferous sediments. Igneous Rocks 
and Tectonics. Part II {ibid., 64 , 1934, 61-86) deals with the Evo- 
lution of the Modem Topography. Part III {ibid., 66, 1986, 
108-62) treats of the Petrology of the Metamorphic and Igneous 
Rocks, and Part IV {ibid., 244-94) of the Stratigraphy and Pal»- 
ontolpgy of the Fossiliferous Ordovician Books. 
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PEDOLOGY. By PsonasoB N. M. Combkb, D.Sc., A.R.C.S., F.I.C^ 

The University, Leeds. * 

In recent years soil science has lost a number of its most emitient 
students and no loss to the science has been greater than that 
brought by the death last year of Georg Wiegner of Zurich. Wiegner 
brought an extensive knowledge of the pure sciences to bear upon 
soil problems and bis investigation of soil problems did much to 
extend our knowledge of physical and colloid chemistry. 

Soil Watkb. — ^The relation of the solid and liquid phases in 
moist soil is still obscure. The general conception that the water 
at low-water content, and water near the solid particle is very 
firmly held and that water further from the solid is “ freer ” is 
being examined in more detail by various workers. 

Kelley, Jenny and Brown {Soil Set., 41, 259, 1936) have studied 
the dehydration curves of mineral soil colloids and compared them 
with those of minerals of known crystal structure. Their results 
strongly suggest that the soil colloids contain water of crystallisa- 
tion as a part of the lattice structure. This water is, however, 
lost at lower temperatures than the water of minerals of known 
composition, and this fact has yet to be fully explained. 

A good deal has been done to confirm the view, which began to 
gain ground a few years ago, that at low water content the capillary 
movement of water is very small. Shiere and Tuinage, for example 
{Soil Sci., 41, 361, 1930), carried out experiments in which two, 
and in some experiments three, horizontal layers of soil were arranged 
contiguously and with different water contents. Typical of the 
results is one in which during eleven months the amoimt of water 
in an upper layer changed from 4-6 to 6’7 per cent., while in a 
contiguous lower layer the amount changed from 13‘0 per cent, to 
12-2 per cent. This means, as other experiments oon&m, that it 
is possible in a soil of low water content for a plant to wilt because 
of the inability of water very near the root hairs to move forward 
sufficiently fast to meet the needs of the plant. 

Bouyoucos {Soil Sci., 41, 443, 1936) has examined the relation 
of the hygrosoopio water (».e. water lost at 110® C.) to the soil 
particles. He finds that all the hygroscopic water in a mineral 
soil can be replaced by alcohol and concludes that this water is in 
film form and not a part of the crystal structure. 

Adopting methods and using findings of W. B. Hardy, Weeting 
{Soil Sci., 41, 1, 1936) concludes that oriented immovable water 
molecules are held on the surface of the particles and that a film 
of such molecules may be Ift thick before the water is sufficiently 
froe to move to oause the first appearance of plastic properties. 
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With inoreaaing water of increasing freedom the plastic properties 
increase until the liquid becomes dominant and the system fluid. 

The inadequacy of present knowledge of water movement has 
led to a rational return to empiricism by Schofield (Trans. 3rd 
Congr. Soil Soi., 1) who revives, and devises an mgenious experi- 
mental method for its determination, the old idea of capillary 
potential. Buckingham had years ago used the height of a column 
of water corresponding to the suction power or pressure deficiency 
necessary to move water from a soil as a measure of this capillary 
potential, and water was conceived as moving from places of low 
capillary potential to places of high potential. Schofield uses the 
logarithm of the height of the water column and designates it pF. 
Thus if the suction required to move water from a soil corresponds 
to the pressme of a water column of 1000 cm. the soil has a pF — 3. 
It is anticipated that in the development of this useful idea it will 
be possible to relate soil water phenomena to a point on the pF 
scale in a way that will apply to all soils and that will be inde- 
pendent of any theory of water movement. Thus it appears from 
the observations of Schofield and Da Costa (Trans. 3rd Congr. Soil 
Sci., 1) that plants wilt at a pF -= 4-2. 

Thk Physical Condition or the Soil. — Apart from mechanical 
analjrsis which concerns the prime particles of a soil, the study of 
the physical condition of a soil in the field has follow'ed two main 
lines of work. One follows the early work of Keen in measiuring 
the resistance of soUs to cultivating implements and the other arises 
from the study of the shape and consistency of soil aggregates 
which has been developed in the study of soil genetics. Recently, 
increasing attention has been given to the measurement of the 
resistance of a soil to a body forced into it. In this connection 
some interesting observations are recorded by Culpin (J. Agri. Soi., 
26, 22, 1936). He examined the effect of gyrotilling upon (a) the 
penetrability of the soil to a bullet fired from a 0-45 Webley 
revolver and (b) the resistance of the soil at various depths to a 
steel probe — somewhat elaborate machinery was devised for this 
measurement. Six months after gyrotilling a clay soil, a bullet 
penetrated to 34-44 cm. but only to 28-26 cm. in the control plots. 
Twelve months after gyrotilling there was no significant difference 
between the depths of bullet penetration in treated and untreated 
plots, but the resistance to a slow-moving steel probe was definitely 
less in the gyrotilled plots even after nineteen months. Culpin 
finds that the depth of bullet penetration becomes the same as 
that in the control plots when the treated soil has settled down 
to the point of having the same all-over specific gravity os th« 
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antreated and in that sense to have reached the same state of 
compOfCtnees. When the treated soil has returned to its oii^final 
state of compactness, however, it has not reached its original. state 
of conaolidation : its structure is still different and its resistance 
to the slow-moving probe is still less. The differences shown by 
plough drawbar tests also persist after the bullet test fails to dis- 
criminate between treated and untreated plots. 

The Avauable Plant Food of Soils. — ^The chemical analysis 
of soils for the determination of the nutritional elements available 
to plants has obviously engaged chemists since their earliest study 
of the soil. The early failure of a “ complete ” analysis to give 
any indication of the needs of soil in respect of crop husbandry 
was followed by arbitrary chemical methods. More recently the 
response of plants to soil treatment in pots and the composition 
of seedlings have been invoked as means of acquiring knowledge 
of the manurial requirements of soils. It is now urged by Mit- 
scherlich {Soil Set., 43, 263, 1937) following discussions at com- 
mittees of the International Soil Society that, particularly in view 
of the time taken by pot experiments, laboratory methods for 
potassium and phosphorus must be investigated and tested against 
the results of pot experiments. Mitscherlich is convinced that only 
the plant can really reveal what the soil needs and that laboratory 
methods must be accepted or rejected according to the verdict of 
the plant upon their findings. 

It is a rather sad fact that ail that can be said under “ recent 
advances ” on this matter of soil analysis for mineral plant foods 
is that it is hoped to establish arbitrary laboratory methods the 
results of which can be accepted on the decision of an empirical 
pot experiment. The underlying fact of this situation is, of course, 
that practically nothing fundamental is known about the relation 
of the plant to the soil. For generations men have studied plants ; 
during the last generation they have studied soils ; but the system 
plant-soil is almost an unexplored field of study. 

Nitrifioation. — ^The fact that the nitrogen of organic matter 
decomposing in the soil normally gets into the form of nitrate led 
to the acceptance of the view that nitrate is, par excellence, the 
nitrogenous food of plants and that nitrifioation is a wholly desir- 
able process essential to maximum fertility. The facts that nitrate 
formation in stfils involves heavy losses in the drainage water and 
that plants can use ammoniacal nitrogen which is not lost in drain- 
age, have been adduced to challenge the orthodox view about 
nitrifioation. But the early teaching has a strong hold and the 
^aged importance of nitrification still appears in the current 
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literature. Thus, Stephenson (Soil Set., 41, 187, 1936) argues that 
nitrification is necessary not only for nitrogen nutrition but because 
the nitric acid formed in the soil is needed to attack the mineral 
matter. He says that with nitrification eliminated there are no 
adequate means of getting either nitrogen or cations into the plant. 
But against all this is the fact, so strangely ignored, that partial 
sterilisation eliminates nitrification but enhances considerably the 
nitrogen fertility and crop-producing power of the soil. 

03CIDATION-RKDUOTION POTENTIAL OF SOILS. — Whatever may 
be said about nitrification in particular it is generally recognised 
that oxidation in a soil is an accompaniment of fertility and that 
the breakdown of organic matter is essential to the formation and 
function of soils. A number of workers have therefore attempted 
the measurement of the oxidation-reduction potentials of soils and 
some results have seemed to show that the potential is related to 
crop-producing power. It is therefore important to note the find- 
ings of Heintze (Soil Research, 4, 25, 1935). He points out the 
invalidity of the results obtained by using a platinum electrode, 
since a film of oxide forms thereon and causes the potential to be 
afiected by the pH. Heintze showed that in many cases the 
intended oxidation-reduction potential is really an approximate 
measure of the pH. In extreme cases (e.g. a water-logged soil with 
much organic matter) reduction influences may play a big part. 

Soil Subveys. — A. large number of soil surveys have recently 
been reported upon from all parts of the world, but they are not 
easily amenable to summary here. A soil map of France (1 to 
2,600,000) was published in 1936 by Agafonow, and Stremme’s 
map of Germany (1 to 1,000,000) appeared last year. The soil 
map of Europe (1 to 2,600,000) is likely to appear soon. 

Progress in the genetic study of the soil continues and the 
publication of the treatise Pedology by Joffe in 1936 was very 
welcome. In the United States Department of Agriculture Mia- 
cellamoua PuMication, No. 229, Kellog very successfully summarises 
recent knowledge regarding the formation of the soils of the United 
States “ for the general reader.” It will be very useful in all 
countries as giving a concise account of the present position of 
the subject of soil genetics and classification. 

BOTANY. By Pbofxssob E. J. Sausbuby, D.Sc., F.R.S., University 

College, London. 

Anatomy. — Twenty-two species of Equisetum examined by M. A. 
Johnson (Bot. Oaz., 98 , 696, 1937) all possessed hydatbodes of the 
epithem tjqie on the adaxial face of the leaves, or in species with 
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very thin or deoiduouB lesroB the hydathodes are situated upon 
the leaf sheaths. The number of water stomata in the epidehnis 
of eaoh hydathode ranges from 3 or 4, as in leaves on the smaller 
branches of Equisdum aylvaticum, to as many as 50 on Equiaetum 
gigaTUevm. The water stomata are similar to the ventilating stomata, 
but possess no chloroplasts in the guard cells, and the walls are 
thinner and of more uniform thickness. 

In the same journal V. J. Cheadle gives a general account of 
the well-known Dracaena type of secondary thickening in mono- 
cotyledons and records this for the first time for Veratrum viride, 
where however the secondary tissue remains largely parenchymatous. 

The root anatomy of the Liliaceous genus Aldria is described 
by Holden and Krause (Joum. Linn. Soc., L, 335, 491, 1937) ; they 
find evidence that in the various species there is a series of tran- 
sitional stages from the scalariform vessel perforation to the simple 
type. The roots are characterised by a peculiar formation of the 
surface layer in which all the cells are radially elongated and papil- 
late, and there is an absence of root hairs as though all the cells 
are equally but only slightly differentiated as a piliferous layer. 
Occasionally the papillar cells contain fungal hyphss. 

Mokfholooy. — The April number of Biological Reviewa contains 
an interesting and valuable consideration of views regarding the 
morphological interpretation of the flower by Mrs. Arber. The 
theory is upheld of the equivalence of the flower to a vegetative 
shoot, though one in which a permanently juvenile state is main- 
tained in certain respects. The Candollean theory of the carpel 
which heM been called in question in recent years is held to be 
adequate in relation to known facts. The result of a wide con- 
sideration of the range of carpel structure fills Mrs. Arber “ with 
wonder at the insight shown by the earlier morphologists in envisag- 
ing the carpel and foliage leaf as members of the same oat^ory.” 
It may be added that some hypotheses suggest a desire, however 
unconscious,- to provide a novel explanation rather than one which 
envisages all the facts and gives as much weight to those long known 
as to those more recently acquired. 

Ecoix)oy. — ^The root systems of plants in three types of meadow- 
land in East Finland have been studied by K. linkola and A. 
Tnrikka (Ann. Bot. Soc. Zool.-Bot. FenniccB Vanatno, T. 6, No. 6, 
1-207, 1936). These meadow types were respectively dominated 
by Antemnaria dioica, Nardua atricta, and AlchemiUa paatoraUa. 
The soils of the two latter were wet, of the first named rather dry, 
I'He respective water contents of the surface (0-6 cm.) being only 

per cent, of the fi^sh weight imder the Antennaria and about 
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50 per cent, in the other two communities. All the soils had a 
reaction approximating to pH6 at a depth of 30 cm. but that of 
the Nardetum being appreciably more acid near the surface (pH5). 
The CO, in the soil atmosphere was from 0-23 per cent, to 0'32 
per cent., according to depth, in the Antennaria meadow ; from 
0-19 per cent, to 0-46 per cent, at the surface of the Nardetum, 
rising to 0-99 per cent, at 36 cm. In the Alcheinilla meadow the 
CO, content ranged from 0-59 per cent, to 0-96 per cent, at the 
surface, increasing to over 3 per cent, below 60 cm. The depths 
of the root systems showed a wide range from only 3 to 6 cm., as 
in Trifolium spadiceum, to from 90 cm. to 166 cm. for KnatUia 
arvensis. The same species present in the throe communities showed 
in general a deeper penetration in the drier soils as shown in the 
data quoted below : 


Species. 

AntenimrUi 

Meadow, 

Nardetum. 

AlohemllU 

Meadow. 

W.C. 14% t4> 7%. 

W.C. 51% to 9%. 

W.C. 50% to 16%. 

Deschampsia Jhxuasa .... 

46- 90 cm. 

11-36 era. 

10-33 om. 

Fegtuca ovina 

t 60- 90 i 

9-40 

13-19 

Pimpinella saxifraga .... 

1 74-100 j 

28-69 

35-40 

Knaulia arvermt 

90-166 ! 

18-28 

7-30 

Chrysanthemum leucanthemum 

26- 36 ! 

7-22 

6-31 

Hypochoeris maoukUa .... 

68- 80 

18-60 

! 8 


Very shallow root systems represent 19 per cent, of the Antennaria 
meadow species as compared with 26-28 per cent, in the other 
types. Dwp-rooted species comprise 42 per cent, of the former 
and 10-16 per cent, of the latter. 

Alternate drying and wetting is often experienced by seeds in 
nature and therefore the paper by S. M. Griswold (Bot. Qaz., Dec. 
1936) is of general ecological interest. He finds t^t of nineteen 
species out of 42 which successfully germinated the effects varied 
aooording to the species. In four species germination was increased 
by alternate moi^ning and drying, whilst in four other species 
germination was decreased. Rapid drying of the seeds has appar- 
ently little effect, but slow drying was found to be generally 
deleterious. In the same journal H. A. Borthwiok reports studies 
on the effect of calcium in retarding the germination of the seeds 
of Hypericum perforatum, which appears to be due to an effect 
upon the permeability and not to any change in the reaction. 

GBoaRAFBZosn Distribution. — ^A paper by P. L. Anand {Jour. 
Ecology, XXV, 153, 1937) which treats of the marine algal flora 
of the English chalk cliffs is a valuable contribution to a little- 
studied subject. The author recognises four belts. A Fuous belt 
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with an average vertical extent of 1-42 m. ; an Enteromorpha belt 
with an average vertJoal extent of 0*55 m. ; a belt dominated by 
ChryBophyceaj with an average vertical extent of 0*35 m. ; and 
an Endoderma belt with an average vertical extent of 0*26 m. 
The third belt is the most interesting and characteristic. This 
belt is dominated by members of the Chrysophycess which belong 
to newly recognised genera or species, such as Apistonema Carteri 
(n. sp.), ChrysotiUt stipitata (n. gen. and sp.), Thallochryaia litoralia 
(n. sp.) and Oloeochrysia maritima (n. sp.). 

An important paper by J. R. Matthews {Jour. Ecology, XXV, 1, 
1937) on the geographical relationships of the British Flora follows 
very closely on the lines of Salisbury’s analysis of the East Anglian 
Flora, but extended to the entire flora of Britain. It will be par- 
ticularly useful to students of geographical distribution in respect 
to its treatment of the Alpine and Arctic- Alpine elements. 

In the same journal H. H. Allen considers the New ISealand 
flora from the point of view of its biological spectra. He shows 
that the analysis of the vegetation by Raunkiaer’s system fails to 
give any more adequate picture of the plant climate than a careful 
analysis of vegetation t 3 rpes. 

The third part of the Proc. Univ. Durham Phil. Soc. (Vol. X, 
pp. 24ft-36l, 1937) is devoted to an account of the Natural History 
of the Isle of Raasay and other islands adjacent to Skye, edited by 
Professor Heslop-Harrison. Amongst the more notable species 
listed for the area are Juncua pygmoeua and Junoua capitaiua, both 
new to the flora of Scotland, and Cieendia puaiUa, hitherto only 
recorded in the British flora from the Channel Islands. Inclusive 
of critical segregates 603 types of “ vascular ” plants are here 
listed. The new records for V.C. 104 are numerous, viz. Nuphar 
pumUa, Erophila verm, Viola aylveatria, Aremria trinerva, Hypericum 
dubium, Leera. Vicia auguatifolia, Prunua avium, Rubua coeaiua, 
Oeum urbanum Q. urbanum x rivale, Alchemilla minor, Agrimonia 
odorata, Sorbua rupicola, MyriophyUum apicatum, Callitriche venutlia, 
Lythrum aalicaria, Epilobium tetragonum, Cirecea alpim, Adoxa 
rnoachcOeUim, Galium pumUum, VcUeriam offidnalia. Inula Hekniim, 
Matrica/ria amvedena, Arctium nemoroaum. Vinca minor, Cieendia 
puailla, Symphytum hd>eroaum, MyoaoUa peduatria, Myoaotia brevi- 
folia, Lamium molhtceUifoUum, Orehia purpureUa, Orchia Fuehaii, 
Polygonatum rmdtifiorum, Paria qmdrifolia, Juncua macer, Junoua 
pygmoeua, Juncua capitatua, Luzvla piloaa, Typha latifolia, Spar^ 
ganium aimplex, Potamogeton pecHnatua, Potamogeton fiUformia, 
Ruppia maritima, Ohdium tnariacua, Carex veaicaria, Carex diatana, 
Oalamagroatia epigtioa, Olyeeria dedinata, Bromua aterUia, Bromua 
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comrmtaiua, HymenophyUutn tmnbridgenae, Aaplentum aepienirionah 
and Lycopodium annotinum. The presenoe of Oceanic and southern 
species on these islands is especially noteworthy. 

Genetics. — ^An account of the Allium panicvlatum group by 
A. Levan {Hereditas, XXIII, 317, 1937) deals with A. paniculatum, 
A. pvJchdlum, A. flavum, all of which have a diploid number of 16, 
A. carinatum with a diploid number of 24, and A. oleraceum with 
a diploid number of 32. Of these pure species the diploids in 
general have no bulbils, whilst plants with higher chromosome 
numbers usually produce bulbils. Of the AUium carinatum plants 
which were produced by breeding, individuals were obtained with 
16, 17, 19, 24, and 30 chromosomes, and of these one plant with 
seventeen chromosomes had no bulbils and four plants with a 
diploid number of sixteen chromosomes produced bulbils. 

ENTOMOLOGY. By H. F. Babnes, M.A., Ph.D., Rothainsted Experi- 
mental Station, Harpenden. 

Geneiul Entomology. — A. D. Imms in his address to the Royal 
Entomological Society of London on January 20, 1937 {Proc. R. 
Ent. Soc. Lond., C, 1, 1937), gave some reflections on recent develop- 
ments of entomology. His remarks, which are accompanied by 
references, range from censuses of insects to modem types of mono- 
graphs ; from explanations of the fauna of unexplored lands to 
those on insects of the upper air ; from discoveries of Permian 
and Triassic insects to recent trends in morphology ; and from the 
discovery in insects (by Wigglesworth, We^, Fraenkel and Kuhn 
among others) of what are comparable with endocrine organs in 
vertebrates to the fast disappearing distinctions between applied 
and purely scientific entomology. 

Another address by A. D. Imms (Trans. Soc. Brit. Ent., 3, 1936, 
1-32) deals with the ancestry of insects. He starts by giving 
brief accounts of the various theories of their origin, viz. the Chilopod, 
the Symphylan, the Crustacean, the Trilobite, the Polyohaete and 
the “ Protaptera ” theories. That in most accord with the morpho- 
logical evidence is held to be the Symphylan. The earliest insects 
were derived from generalised Symphyla not very different from 
recent forms. The Protura and Collembola are side developments. 
The division of the Inseota into Apterygota and Pterygota is con- 
sidered not to be entirely satisfactory and the following alternative 
grouping is suggested : 

Subclass 1. Oligoentomata : Collembola. 

„ II. Myrientomata : Protura. 

„ III. Euentomata ; Thysanura and Pterygota. 
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This derivation of Inaeota from Symphyla is fundamentally differdfct 
from the recent theory of Tillyard who postulated thr^ lines of 
descent of the Insecta, the Chilopoda and the progoneate Myriapoda 
from hexapod nauplioid ancestors (Protaptera) whose trunk com- 
prised only four segments. The Myriapod classes, S 3 rmphyla, 
Diplopoda, Pauropoda and Chilopoda are in this paper shown to 
exhibit certain basic characters which suggest their origin from a 
common ancestral group of Protom 3 nriapoda. 

A. G. Richards, Jr., and A. Miller are making a critical review 
of the available experimental data on all phases of insect ontogeny. 
The first half on embryonic stages has now appeared (J. New York 
Ent. Soc., 45, 1937, 1-60). It deals successively with the origin 
of polarity and symmetry, fertilisation, cleavage and blastoderm 
formation, the indeterminate-determinate series, developmental 
centres, blastokinesis or movements of the embryo, the anlagen 
plan of the embryo and organ formation. 

Aberrant feeding behaviour among insects is the subject of a 
paper by C. T. Brues (QUy. Rev. Biol., 11, 1936, 306-21). He deals 
with changes from phytophagous to predatory habits, from pre- 
datory to phytophagous, from phytophagous to saprophagous and 
from parasitic to phytophagous habits. 

The food of insects and its relation to resistance of plants to 
insect attack has been discussed by R. H. Painter {Atner. Nat., 70, 
1936, 647-66). The difference in food value of susceptible and 
resistant varieties is apparently chiefly in its effect on let^h of 
life, death rate, size and fecundity of the insects. The life span 
may also be lengthened or shortened. Examples are given from 
recent research of most of these effects. Thus in fecundity the 
corn-ear worm has a greatly reduced oviposition in moths reared 
on leas usable food plants. These food differences are explained 
by specific poisons in some cases and by varying availability of 
food in others. There is also the possible lack of specific food 
materials. The importance of vitamins and the actual differences 
in the quantity of the right kind of food may also be important. 
The actual nutritive substances used by phytophagous insects in 
contrast to the plant parts they eat is of great importance in insect 
biology. Painter claims rightly that as much attention should be 
paid to this as ha# been done to humidity and temperature. 

Insects of many species emerge as adults from the pupse at a 
definite time of day. W. N. Scott {Trana. R. Ent. Soc. Land,, 86 , 
1986, 303-29) using the moth Epheatia kuhnidla, and the fruit 
fly Droaophila melanogaater to a slight extent, has made an expeti- 
nental analyns of the factors governing the hour of emergence. 
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The diurnal rhythm of emergence of the moth showed a close 
relationship with the diurnal temperature rhythm, the maximum 
emergence always occurring shortly after the temperature begins 
to fall. This emergence rhythm was continued under constant- 
temperature room conditions but the peak was not so well defined. 
The rhythm was inherited to the third generation. An attempt 
to lengthen the periodicity was only partially successful. A peri- 
odicity of 16 hours was induced by a temperature rhythm of the 
same period, but it was not found possible to induce a 36-hour 
rhythm. Light above a certain intensity appeared to inhibit 
emergence. 

The natural history of the isle of Raasay and adjacent islands 
which lie between Skye and Ross-shire {Proc. Univ, Durham Phil, 
Soc,, 10, 1937, 246-361) contains lists of Lepidoptera, Trichoptera, 
CecidomyidflB, Hymenoptera and Hemiptera-Heteroptera by J. W. 
Heslop-Harrison and of Psyllid© by G. Heslop-Harrison. 

When studying soil fauna it is desirable to be able quickly to 
separate them from the soil and in such a condition as to allow 
them to be identified and if necessary reared to the adult stage. 
Many attempts have been made in the past to devise some satis- 
factory method. W. R. S. Ladell (Ann, Appl, Biol,, 23, 1936, 
862-79) has recently described an apparatus in which the principle 
of flotation is used. The soil is placed in a solution of magnesium 
sulphate whose specific gravity (1*11) is greater than that of soil 
fauna. Stirring takes place and a stream of fine air bubbles is 
passed continuously through the mixture of soil and solution. 
The froth produced contains all the animals and, after passing over 
a sedimentation tank, is deposited on a piece of filter paper in a 
Buchner funnel. This method has the advantage of being rapid, 
fairly clean, non-toxic and efficient. On an average 86 per cent, 
of the soil fauna is recovered, in some cases the percentage has 
reached the nineties. These figures are well above those resulting 
from previous methods of extraction. 

Orthoftbba. — ^The mechanism of respiration and its bearing 
on the problem of the inhalation of poison dusts has been of im- 
mediate interest to those engaged on locust control by dusting 
them from aeroplanes while they are actually on the wing. H. H. 
King and W. Ruttledge some years ago (Bull, Ent, Rea,, 23, 1982, 
66-8) suggested that the mode of action of external poison dusts 
was by inhalation. They argued that toxic effects should be 
accelerated in flying locusts owing to their higher rate of respiration 
as compared with resting individuals. The size of the spiracles 
and tracheae of 6th instar hoppers and adults of Locuata and adults 



ENTOMOLOGY 


123 


of Schietocerca has now been determined by A. G. Hamilton (JSdfc 
ErU. Res,, 28 , 1937, 53-68). Spiracles 1-4 are inspiratory in func- 
tion, 5-9 are expiratory under all conditions and the function of 
10 is expiratory when the locust is fl 5 dng and inspiratory when 
it is motionless. Although dust of certain particle size (300 B.S. 
sieve) can enter all the spiracles, the quantity of dust in the trachea 
after 10 seconds’ exposure is not regarded as sufficient to kill the 
locust. The action of external poisons is thought to be by direct 
penetration of the integument or through the nerve endings or 
both. 

An investigation into the origin and fate of the membranes 
surrounding the grasshopper egg has been made by Eleanor H. Slifer 
(Q.J.M,8., 79, 1937, 493-506). During the last few days of incuba- 
tion the tough white cuticle is rapidly digested by a hatching 
enzyme. By ligaturing the eggs, before the enzyme had made its 
appearance, at all levels from a point near the extreme anterior 
end to one near the extreme posterior, it was soon possible to 
demonstrate that the enzyme was being produced near the middle 
of the egg. Then it was traced to the region containing the pleuro- 
podia or appendages of the first abdominal segment. By removing 
the pleuropodia it was proved that in Melanopua differentialia at 
least the pleuropodia produce the enzyme which destroys the 
white portion of the chitinous cuticle. 

CoLBOPTBBA. — ^The seasonal trends in the relative abundance 
of Japanese beetle populations in the soil during the annual life 
cycle have been studied by H. Fox in New Jersey, U.S.A., since 
1927. The results (J. New York Ent, Soc,, 45, 1937, 115-26), 
obtained by extensive sampling in permanent grassland such as 
pastures and ‘‘ roughs ” on golf-courses, show that there is a rapid 
increase beginning late in June and extending throughout the 
summer. This results in the population reaching its maximum 
abundance early in September. This period coincides with the 
oviposition season. There is then a brief period of rapid decrease 
lasting till the middle of October, a long period of little or no change 
extending through the winter until the end of April followed by 
another period of rapid decrease in May and June by which time 
the adult emergence starts. The lack of decrease in the winter 
is attributed to the inhibiting effect of winter temperature on the 
soil-inhabiting parasites and predators. In the two periods of 
decrease in numbers the soil-dwelling parasites and predators 
appear to exert a major influence while birds and other surface- 
feeding animals only play a minor part. 

The morphology of the larva of Serica brunnea has been described 
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by W. F. Jepson (Bull Enl Res., 28, 1937, 149-65), whUe W. 
Subklew (Z. PflKrankh., 47, 1937, 18-34) separates larv® of the 
tribes Serioini, Melolonthini, Rutelini, Dynastiiii and the Cetoniini 
chiefly on characters of the radula or raster on the anal segment. 
This latter paper has good illustrations. A. G. Boving, in a paper 
describing the larva of Plectris aliena Chapin (Proc. Enl Soc., 
Washington, 38, 1936, 169-85), gives a description of new terms 
applied to special structures of the epipharynx and the raster of 
scarabaeoid larvae. The terms used by W. P. Hayes (Illinois Biol 
Mon., 12, 1929, 22-33) are given in parenthesis at the end of each 
of the definitions for convenience. In addition, J. H. Fidler (J, 
Animal Ecology, 5, 1936, 333-47) has made an investigation into 
the relation between chafer larvae and the physical factors of their 
soil habitat. In winter the temperature of the soil may become 
too low and the insect evades this by migration downwards. Here 
it reaches other limiting factors such os lack of oxygen and food. 
In autumn excess of soil moisture in relatively high temperatures 
is the limiting factor and such conditions also induce fungoid and 
bacterial disease. In summer the larvae may suffer from a lack 
of moisture. Drought has the indirect effect of killing vegetation 
and so reducing the available food supply at a time when the insect’s 
metabolism is rapid and the need for food is greatest. 

The anatomy and histology of the alimentary canal of the 
adult Nebria brevicollis, a Carabid beetle which occurs in large 
numbers in cultivated light land, has been studied by Mary Carleton 
(Trans. Soc. Brit. Enl, 3, 1936, 119-28) as a preliminary to an 
investigation of the diet of this species. 

A detailed study of Calosorna inquisitor, a Carabid which is 
well known as a destroyer of caterpillars and has been tried in 
biological control work in the U.S.A., Spain and Algeria, has been 
made by J. H. Cook (Trans. Soc. Brit. Ent., 3, 1936, 79-118), 

Lbpidoptera. — An investigation of the seasonal availability of 
food plants of two species of Heliothis has been made by G, W. 
Barber (J. Econ. Ent., 30, 1937, 150-8). When the more favoured 
erdtivated food plants are missing, the insects maintain themselves 
on less favoured cultivated and wild plants. The seasonal distribu- 
tion of the wild food plants is such that the insects can maintain 
themselves on them throughout the season without using cultivated 
plants at all. 

M. H. Haydak (Ann. Ent. Soc. Amer., 29, 1936, 581-8) has 
shown that wax is not an essential constituent of the food of the 
wax moth larvse. The best development was attained on foods 
having the essential food constituents as applied to rats. The 
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formula suggested by this investigator consists of fine com mea| 
(4 parts by weight), whole wheat flour (4 parts), skim milk powder 
(2 parts), powdered dried yeast (1 part) and standard wheat middlings 
(2 parts). 

The effect of winter temperature on the survival of the larv® 
of the European pine shoot moth has boon demonstrated to be 
an important environmental factor by A. S. West, Jr. {Ann. Ent. 
Soc. Amer., 29, 1936, 438-48). This is especially important as 
the feeding of the larvae in the spring produces more noticeable 
damage than the autumn feeding. The development of outbreaks 
of this moth in Connecticut appears to be definitely correlated with 
the frequency of severely cold winters during the past twenty years. 

Hkmiftkra. — There is an outstanding paper on the function 
of the corpus allatum in the growth and reproduction of Rhodnius 
prolixua by V. B. Wigglesworth {Q.J.M.8., 79, 1936, 91-121). 
Fiui.her evidence is brought forward to show that the corpus allatum 
is the source of the “ moulting hormone ” and the “ inhibitory 
hormone.” Some exceedingly clever experimentation demonstrates 
among other things that the moulting hormone from Rhodnius 
will induce moulting in bugs of the allied genus Triatoma and in 
the bed-bug Cimex, Likewise secretion from the corpus allatum 
of Triatoma females will cause egg development in Rhodnius. The 
moulting hormone of the nymphal stage will not cause egg develop- 
ment in the adult female nor will the egg-forming hormone induce 
moulting. 

The published information on the Woolly Aphis has been re- 
viewed by R. M. Greenslade {Imp. Bur. Fruit Prod., Tech. Com- 
munic., 8, 1936, 88 pp.). The insect and its habits in Europe and 
America are described and an account of the damage done is given. 
The effect of climate on its incidence and the control of the insect 
by spraying, by biological methods and by the use of resistant 
varieties are considered. An annotated bibliography of 600 refer- 
ences is appended. 

Experiments have been carried out by M. A. Watson {PhU. 
Trans. Roy. Soc. Lond., B, 22, 457-89) on the percentage of infection 
obtained with the virus Hy. Ill in tobacco using its insect vector, 
Myzus persicce. A maximum percentage was obtained during the 
winter months and a minimum in the summer months. The 
percentage infection increased with the number of aphids used per 
plant and with increased feeding time on the healthy plant. It 
decreased rapidly with increasing time on the infected plant from 
2 minutes to 1 hour. After I hour it increased slightly with further 
increase of the feeding periods. M. persicce was shown to be 
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capable of infecting two consecutive plants without intermediate 
access to an infected one, but the number of second infections 
decreased rapidly with increasing time on the healthy plant and is 
negligible after 1 horn:. 

The amazing number of aphids sometimes present on field crops 
is illustrated in a preliminary report on the resistance of alfalfa 
varieties to pea aphids by R. H. Painter and C. 0. Grandfield 
(J. Anm, Soc. Agron., 27, 1936, 671-4). Samples of infestation 
were obtained by 20 sweeps of a 1 foot square net and the captures 
were measured in a graduated cylinder. A single 20 c.c. sample 
was found to contain 12,630 aphids. In the experiment the average 
number of c.c. from the different varieties varied from 22 to 127. 
This paper also provides evidence to show that the amount of 
damage is not necessarily correlated with the numbers of aphids 
feeding on the plant. 

Hymenoftkea. — Some years ago A. C. Kinsey was responsible 
for a monograph on the gall wasp genus Cynipa which was in fact 
a study of the origin of species {Indiana Univ. Studies, 16, 1930, 
677 pp.). Now a systematic study of seventy species, chiefly from 
Mexico, of gall wasps new to the same genus has appeared by 
the same author {Indiana Univ. Publ., Sci. 8er., 4, 1936, 334 pp.). 
It is entitled “ The Origin of Higher Categories in Cynips.” In 
his previous studies Kinsey showed that species were reahties in 
nature. Now the conclusion is reached that all the higher categories 
are artificial conventions useful for cataloguing biological data but 
hardly real in manner of origin or in their intrinsic qualities. Kinsey 
discards the “ tree of life ” as the evolutionary pattern and substi- 
tutes an infrequently dividing chain in which the oldest species 
may remain co-existant with all of the derived species. The most 
diverse ends of such a chain (the higher categories) may be united 
by series in which each element is a geographic or host isolate 
of the next in the chain. This systematic study is based on a 
large amount of material, 18,000 additional insects and 70,000 
additional galls since his 1930 monograph, yet the author con- 
siders it far from adequate for a modem taxonomic study. In the 
recognition of relationships he has used insect morphology ; gall 
strpotures ; position of the gall on the plant ; species of host on 
which the gall is produced ; the degree to which the insect is 
restricted to a single species of host ; the degree of similarity and 
difference between the successive generations ; seasonal occurrence 
of each stage ; other physiological measures of the insect, such as 
tropistic responses and temperature reactions ; and the position 
of geographical range in relation to the ranges of other species. 
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A fifth experimental study in insect parasitism by G. Salt 
(Proc. Boy, 8oc. Lond,, B, 122 , 1937, 57-75) deals with the sense^ 
(indicated to be chemical) used by Trichogramma evaneacens in the 
determination of healthy hosts from those already parasitised. 
The parasite is able to distinguish hosts that are clean and those 
that have been merely walked upon by another female. If, how- 
ever, parasitised hosts are washed the parasite cannot distinguish 
them immediately and attacks them. But as soon as its ovipositor 
penetrates, the parasite realises they are parasitised and usually 
withdraws without oviposition taking place. Salt comes to the 
conclusion that two different faculties perform the discrimination. 
One recognises an external odour and inhibits attack ; the other 
distinguishes an internal difference and inliibits oviposition. The 
chemical trace left on the surface of the host is not the general 
body odour but a more specific smell probably produced by glands 
on the tarsi. It is left on the substratum on which the parasite 
walks. Thus the parasite sometimes mistakes healthy hosts over 
wliich other parasites have merely passed for parasitised hosts and 
so the former escape attack. 

In an account of the biology of Oxncyrtus johnsoni, an endo- 
phagous parasite of the eggs of the harlequin cabbage bug (Ann. 
EnL Soc. Amer,, 30, 1937, 123-54), J. D. Maple discusses the role 
of the egg shell in the respiration of certain Enc 3 n:tid larvae. Among 
his conclusions he states that the young larvae of 0, johmoni, and 
probably other species of Encrytids possessing stalked eggs and 
metapneustic larvae, may utilise atmospheric air by means of the 
peculiar structure of the egg shell. This however has not yet been 
proved. Sufficient air may be derived by diffusion from the body 
fluids of the host through the body surface of the larva or through 
the aeroscopio plate and thence into the spiracles. 

Diftbka. — W. Trager {Bid, BtUL, 71 , 1936, 343-52) has shown 
that the larvae of the yellow fever mosquito are able to utilise 
substances in true solution. They require for normal growth a 
proper concentration of calcium chloride and an organic growth 
factor which is also a solute. This growth factor is considered by 
the same investigator (J. Exp. Biol, 14 , 1937, 240-51) to be different 
from the accessory growth substance required by the larvae of the 
blowfly on which R. P. Hobson haa worked recently (see Soibnos 
Pbogkbss, XXX, 1636, 509). 

C. W. Sabrosky {Ann. Ent. Soc. Amer., 29 , 1936, 707-28) has 
made a synopsis of the nearotio species of the genera OacineUa and 
Madiza of the family Chloropides. These genera are a difficult 
group and this revision should serve as an adequate foundation 
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for more extended studies. The same worker has reviewed the 
nearotic species of the genus CMoropisca {Canad. Ent., 68, 1936, 
170-7). The life history of only one species in this genus is at all 
well known, i.e. C. glabra whose larvse are predaceous on root aphids 
and are especially imported as predators on the sugar beet root 
aphid, Pemphigus betm. 

Flies of the genus Rhagoletea, especially the apple, hawthorn 
and blackberry forma of R. pomonella, have been studied by A. D. 
Pickett (Canad. J. Res., 15, Sec. D, 1937, 63-75). He has come 
to the conclusion that only one distinct species is involved and 
that there is not sufficient evidence on the basis of biological or 
morphological interpretations or both to prove the existence of , 
more than a single species. He regards R. pomonella as an oligo- 
phagous species in which the host selection principle has become 
highly developed. The host selection principle was first suggested 
by Hopkins and is as follows — an insect species which breeds on 
two or more hosts will prefer to continue to breed in the host to 
which it has become adapted. 

R. P. Hobson has been continuing lus sheep blowfly investiga- 
tions. His third study (Ann. Appl. Biol., 23, 1936, 846-51) deals 
with the chemotropic responses of Lucilia sericata and shows that 
sheep vary considerably in their attractiveness. This can be 
measured with solutions of indole and ammonium carbonate. He 
has devised a technique for testing repellents. His fourth study 
(loc. cit., 862-61) is on the chemistry of the fleece with reference 
to the susceptibility of sheep to attack. A. C. Evans (Trans. R. Ent. 
8oc. Lond., 85, 1936, 363-77) has written a review of the physiology 
of L. sericata. 

The breeding media of some common flies including forms such 
as the house-fly and stable-fly have been re-investigated by M. 
Thomsen and 0. Hammer (Bull. Ent. Res., 27, 1936, 559-87). 
Observations showed that on Danish farms in the summer the house- 
fly breeds mostly in fresh pig-dung deposited in manure pits, next 
frequently in the bedding of calf stables and next in horse-boxes 
and pig-sties. Horse manure in manure-pits was of minor import- 
ance as a breeding ground under rural conditions, chiefly perhaps 
because in the summer the horses are generally out and little 
manure is deposited in the pits. Experiments showed that there 
was no essential difference between horse-manure and pig-d\mg in 
their power to attract ovipositing house-flies, calf-dung was far less 
attractive and no eggs were laid in pure cow-dung. As regards the 
stable-fly, it breeds chiefly in the bedding of calf-boxes and was 
found offiy rarely in horse manure, pig-dung and cow-d ung Ezperi- 
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mental evidence showed that this fly preferred oviposition in horse^i 
manure and calf-dung, only a few eggs being laid in pig- and 
cow-dung. 

An interesting development in the use of sera and antisera is 
illustrated in a paper by C. B. Symes and J. P. McMahon {BuU. Ent. 
Res,, 28 , 1937, 31-42). In this they have described experiments 
from which they have found, by means of the precipitin test, the 
main food of hosts of Olossina swynne/rUmi in a district of Tangan- 
yika to be one or more Bovids, giraffe and pig. 

The tsetse fly problem in Africa is at once urgent and important. 
In tropical Africa four and a half million square miles are under 
infestation by the fly. In other words there is a band of infested 
^country nearly 2,000 miles wide extending across Africa. In the 
^^eater part of this area cattle cannot be kept and sleeping sickness 
still takes its toll of the human population despite modern treat- 
ment. Two-thirds of Tanganyika Territory are already under fly 
and new areas are being steadily invaded. The director of tsetse 
research in this country has written an account of the present situa- 
tion entitled “ The Tsetse flies of East Africa : A First Study of 
their Ecology, with a View to their Control (Trans, R, Ent, Soc, 
Lond,, 84 , 1930, xxxvi -f 579 pp., 7 maps and 22 plates). This 
covers the work of the Tsetse Research Department, T.T., from the 
beginning of 1931 to the end of 1934. In addition, information 
from outside is included in order to bring up to date our knowledge 
of East African tsetse flies. Apparently the lack of money prevents 
man getting the upper hand. Reclamation of tsetse areas is possible 
and could be carried out at a faster rate than new territory is 
being invaded by the fly if only the necessary support were available. 

ARCHfOLOGY. By E. N. Fallaizb, B.A. 

By a happy inspiration the Academy of Natural Sciences of I^hila- 
delpliia celebrated the one hundred and twenty-fifth anniversary 
of its foundation by an International Symposium on Early Man, 
which was held in Philadelphia from March 17 to 20. Europe, Asia, 
America, and Africa in a lesser degree were represented in the 
communications which were presented, while the problems of the 
chronology of early man as present in each quarter of the globe 
were well thrashed out in a round-table discussion at the close of 
each day’s proceedings. The results of the symposium as a whole 
were summed up at the close in a survey by Dr. G, Grant McCurdy, 
who pointed to the sum of the discoveries in prehistoric archecology 
of the last forty years in support of the contention that the advances 
in this science in range and importance could well take their place 
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with those of other branches of scientific investigation during that 
period. . 

In interest, if not in number, the communications dealing with 
early man in Asia must undoubtedly be awarded first place. Not 
unnaturally they gained a predominant share of attention, owing 
in part to the fact that the discovery of three new skulls of Peking 
man in the preceding November-December was fresh in mind, and 
in part to the importance of the report on early man in Palestine 
by Sir Arthur Keith and Mr. Th. McCown. The perennial problem 
of the antiquity of man in America and his relation to the modem 
Indian population gained an added significance in the light of recent 
investigations in Alaska and the South-Western states, as well as 
from the efforts which are now being made to bring the geological 
and palsBontological evidence into closer relation with the facts of 
archaeology. 

Eably Man in Asia. — In the communications to the symposium 
dealing with early man in Asia, Dr. Hollmut do Terra, the field 
director of the expedition, surveys the results of the Yale University 
Expedition to the Himalayan foothills of northern India. He gives 
an account of the discoveries in the SiwaHk Hills of the remains 
of fossil apes, which had been the primary object of the expedi- 
tion — discoveries which have thrown much light on their relation, 
more especially the relation of DryopitJiecus, to the early line of 
descent of man — and then refers to the effect of physiographical 
changes, of which evidence had been found in this area, on the 
problem of the development of man in Asia. He also desenbes 
the records of early Stone Age cultures, which had been found 
by the expedition. As regards the effect of geographical and 
climatic change. Dr. de Terra has arrived at the conclusion that in 
late Tertiary times a shifting of the tropical belt from north to south 
had caused a migration of the mammals of India to South-East 
Asia. He also holds it to have been a major factor in human evolution 
so far as Asia was concerned. As regards the Stone Age evidence, 
he finds that a great expansion of the old Palteolithic races had taken 
place from southern India to the Siwalik Hills some time in the 
Middle Pleistocene, shortly after the Himalayan glaciers had 
retreated from their second major advance, while towards the close 
of the Ice Age another stone-using people had invaded the lower 
Indus valley, settling in the area which recent excavation had shown 
to be the seat of a great civilisation in later ages. The Indus 
valley, like other large drainage areas, has thus a long tradition of 
human prehistory. 

An appropriate pendant to Dr. Hellmut de Terra’s conclusion 
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as to the effect of climatic change on man’s development in Asia^ 
was afforded by a communication from P. Teilhard de Chardin, who 
argued for what would appear to be a similar change with anal^ous 
consequences in China. As the result of a vast upheaval in the east 
of Asia, he maintained, the lakes of northern China had dried up, 
their sediment had been sharply tilted, and fans of red clay had 
spread over the slopes, this change being accompanied or followed 
by a migration or extinction of the subtropical fauna and flora. 
An immigration of animals, such as the deer, from the north-west 
and from the south had then taken place. Contemporary with this 
migration and also probably coming from the south, man had 
apj>eared. The author anticipated that correlation of the forms 
entering China from the north-west with those of Europe would 
make it possible to elaborate a system of chronology for China. 

A further communication dealing with early man in China was 
an important survey of the Stone Age industries by Mr. W. C. Pei, 
by whom the first skull of Peking man was discovered at Choukoutien 
in 1929. Mr. Pei classifies the main palaeolithic industries of China 
into four stages, but two earlier forms have been recognised by the 
Abb6 Breuil — the Niliowan and Locality 13.” Of these the 
earlier is the Nihowan. According to the Abb6 a piece of worked 
stone and some worked bones from Nihowan are the oldest indica- 
tion of human handiwork in China. They are of Upper Pliocene 
age and the equivalent of Villafranchian in Europe. “ Locality 13 ” 
is represented by a chert implement of undoubtedly human origin, 
corresponding to the Abbevillean in France and belonging to an 
early phase of the Lower Pleistocene. The true stone industry of 
China, in Mr. Pei’s view, begins with Sinanthropus, the characteristic 
industry of Peking man. It also is compared with the Abbevillean 
of Europe and attributed to the Lower Pleistocene, although it 
seems undoubtedly to be later than “ Locality 13.” From near the 
locus of Sinanthropus comes the industry known as “ Locality 16.” 
In age it appears to be later than Sinanthropus and to belong to 
the Early Middle Pleistocene. It corresponds to the late Lower 
PalfiBolitMo of Europe. Following this is the Ordos industry, a 
contemporary in part of the Chinese loess ; it may be attributed 
to the Late Middle Pleistocene. Lastly, there is the Upper Palsso- 
lithio of China, represented by the Choukoutien Upper Cave industry, 
which corresponds to the European Aurignacian, Solutrean and 
Magdalenian. 

Important and interesting communications, such as Dr. G. H. R. 
Koenigswald’s “Man’s Geologic Record in Java,” Miss Garrod’s 
“ The Near East as a Gateway of Prehistoric Human Migration,” 
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and Professor V. Gordon Childe’s ‘‘ The North Eurasian Forest 
Cultures in the Mesolithic and Neolithic Phases must be passed 
over to note briefly some of the communications which dealt with 
early man in America. 

Early Man in America. — ^Forsometimeit has been recognised 
that the most insistent problem in American prehistory is the 
correlation of the data of geology, patoontology and archcBology 
with a view to the question of chronology. Mere mention, therefore, 
in passing, of Dr. AleS Hrdlicka’s restatement of his view that the 
skeletal remains of early man found in America do not point to a 
high antiquity, nor differ in essentials from the physical characters 
of the modern Indian, must suffice in order to deal more fully with 
other aspects. The geological basis of the archaeological problem 
was considered by Dr. Paul McOlintock in a summary outline of 
the glacial stratigraphy of North America as understood at present. 
He divides the Pleistocene into four major interglacial episodes — 
the Nebraskan, Kansan, Illinoian and Wisconsin glaciations and 
the Aftonian, Yarmouth, and Sangamon interglacials. The three 
earlier glaciations may have been complex in nature, but knowledge 
is too scant to attempt to fix details. The best known is the 
Wisconsin or last episode, of which the drift lies on tlie surface. It 
is divided into five well-recognised stages, which arc separated from 
one another by ice recession and accumulation of outwash, loess 
and forest-bed deposits, while the major interglacial episodes ai’e 
marked by erosion, deep weathering and the accumulation of forest 
beds and loess sheets. 

The geological and pala3ontological i)roblom, as it presents itself 
in Nebraska, where it is of importance in relation to the “ Folsom 
stone points ” and “ Folsom man,” was considered by Professor 
Erwin H. Barbour and Dr. Bertrand 0. Schultz, on evidence collected 
by field parties from the Nebraska Museum, working since 1929. A 
sequence has now been fairly well established for Nebraska. A new 
Lower Pleistocene faima was discovered near Broadwater, Morrill 
County, in 1936, while Hay Springs, Sheridan County, has provided 
a mammalian assemblage of the Mid-Pleistocene. The authors 
pointed out, however, that the Late Pleistocene and recent fauna 
offer some of the most complex problems ; and the time of extinction 
of many of the animals and the appearance of associated artefacts 
has made this period even more involved. River terraces in certain 
localities have aided in determining the ages and relationships of 
various faunas as well as of artefact horizons. In one low 16-20 
foot terrace artefacts have been found, but no extinct forms have 
been reported from this, nor in the contemporaneous artefact levels 
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of Signal Butte, ScottsblufF County, where, however, an older or 
40-foot terrace was found to contain mammalian remains, with 
artefacts at its base. Further researches up to the present Are 
without decisive results. 

Dr. Elias H. Sellards, of the University of Texas, who recon- 
sidered in the light of present-day knowledge the finds from 
Vero, Florida, in which in 1910 human materials were found 
in association with animal and plant fossils, was of the opinion 
that the view formerly hold that the elephant, tapir, sloth and 
associated species became extinct before the close of the Pleistocene 
was no longer to be regarded as safe, and concluded that some, 
and possibly several, of these now extinct species may have con- 
tinued to exist well into recent times. 

Virt^ually an identical inference was drawn from a consideration 
of the problems of the inten’elation of the Pleistocene mammals of 
North America and Eurasia and their bearing on the problem of 
early man in America by Dr. Elwin H. Colbert of the American 
Museum of Natural History. A study of the modem mammals 
shows that the faunas of North America and Eurasia are closely 
related and this relation was equally close in Pleistocene times, 
when for a major portion of the period the two continental areas 
were connected by a land bridge from Siberia to Alaska, which 
afforded a wide corridor for intermigration. At the same time 
there were differences, for which explanations can be offered in most, 
though not in all cases. The beginning of the Pleistocene was 
marked by the almost worldwide spread of certain mammals, such 
as the horse, mammoth, camel and the cattle. The end of the 
Pleistocene would seem to have been marked by the extinction of 
certain forms, such as the mammoth, the woolly rhinoceros of Eurasia, 
and the mastodon, the camel, the ground sloths, and the horse in 
America ; but there is a great deal of evidence to indicate that 
certain “ typical Pleistocene mammals persisted beyond the 
Pleistocene into recent times. The frozen cadavers of mammoth 
in Siberia and Alaska would seem to indicate that they lived only 
a few thousand years ago. In North America there is good ground 
for supporting the contention that the mammoth, camel, horse, 
extinct bison, and the ground sloths persisted until relatively recent 
times. In Eurasia man is associated with Pleistocene mammals 
throughout the duration of the period. In North America, on the 
other hand, man is a relatively recent immigrant from the old 
world ; but the explorations of the last two decades would seem to 
indicate that man reached the Western hemisphere before many 
of the typical mammals had become extinct. There is definite 
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evidence of his association with mammoth, camel, horse and ground 
sloth. The Pleistocene age of man in North America is thus still a 
matter of interpretation of what marked the end of the Pleistocene 
period in America. 

A small group of communications dealt with what might be 
termed “ collateral evidence ” in archaeological studies, and is of 
special interest to European archaeologists, where these methods of 
study have been developed. One of these is the method of pollen 
analysis, which Professor Paul B. Sears of the University of Okla- 
homa considered as a possibility in North American archaeology. 
Although peat, the European medium, is not formed in the south- 
west, the Oklahoma laboratory has found that the sediments from 
the Arizona canyons contain well-preserved pollen which might be 
correlated with periods of climatic change, as shown by pollen 
analysis elsewhere. 

The evidence of Pleistocene molluscs as indicators of time and 
ecological conditions was considered by Dr. Frank Collins Baker, 
of the University of Illinois Museum, who dealt with land and fresh- 
water forms, and Dr. Horace G. Richards, of the New Jersey State 
Museum, who dealt with the marine forms. Dr. Baker pointed 
out that from the Pleistocene deposits within englaciated territory 
in North America 370 species of mollusca had been listed, of which 
29, or 7-8 per cent., have become extinct. Dr. Richards, who has 
studied fossil localities from Hudson Bay to the Caribbean Sea, 
finds that the Pleistocene deposits north of New England indicate 
a cold sea and probably a Late Wisconsin age, whereas a few places 
in New England, such as Nantucket, possess a fauna which suggests 
a somewhat milder climate, possibly of interglacial age. South of 
the terminal moraine the Pleistocene marine deposits indicate a 
climate slightly milder than the present, and may belong to a last 
major interglacial stage. 

In this connection it is of interest to direct attention to a further 
development of the application of palssontological and zoogeo- 
graphical method to the problems of archseology, on which Mr. P. 
Ullyott of the Department of Zoology, Cambridge, has been working 
(“ A Note on the Zoogeographical History of North-western Europe ” 
Proc. Prehist. Soc., 2, 1). He has here opened up a new line of 
evidence for dating the severance of Britain and the Continent 
and the subsidiary questions which arise therefrom. Mr. Ullyott 
examines the geograpMcal distribution of certain types of flat-worms 
(planetarians) belonging to the same group and living in fresh water, 
but adapted to different temperature ranges. Briefly his oonolusion 
is that the distribution of these types suggests that Britain must 
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have separated from the Continent after the average summer tem- 
perature had exceeded 12“ C. but before it reached more than 
1 6“ C. As the curve of mean summer temperature during post- 
glacial times is known fairly aocmrately, it is, therefore, possible to 
say that the breaking of the land surface across which the fiat-worms 
migrated in fresh water from the Continent to Britain must have 
occurred during the Boreal period, but before its later stage, when 
the temperature curve rose to its maximum during post-glacial 
times. 

Questions of land elevation and submergence are also brought 
under consideration in an important investigation, which has been 
carried out by a sub-committee of the Fenland Research Association 
under the Chairmanship of Mr. S. H. Warren {Proc, Prehist. Soc., 
2, 1 ) on the submerged land surface of the Essex coast. The report 
of the sub-committee deals with the character of the land surface, 
pollen analysis, pottery and flint implements, and also discusses the 
relation of this area to the East Anglian fenland. The archaeological 
sites investigated are situated at Lion Point, Clacton, Mill Bay, 
Dovercourt, and Stone Point, Walton-on-Naze, where surface 
settlements, pit dwellings, cooking holes and hearth sites were 
examined. The earliest trace of human habitation was Mesolithic, 
followed by Neolithic A and Neolithic B. The latest dateable 
material is a few beaker B sherds, but no beaker A or Bronze Age 
cord ware was found. 

I’hk Indus Valley Civilisation. — Further excavations in the 
Indus Valley have thrown additional light on the early civilisation 
of Northern India, of which the first indications were found at 
Mohenjo-daro and Harappa. An expedition of the American School 
of Indio and Iranian Studies, supported by the Boston Museum of 
Fine Arts working imder the field direction of Dr. E. Mackay, began 
in October 1936 the excavation of a site at Chanhu-daro, east of the 
river Indus and eighty miles south-west of Mohenjo-daro in the 
Province of Sind. This site was chosen in the hope that it might 
throw light on the civilisation of the period preceding that already 
known at Mohenjo-daro and also on the dark period which follows, 
before the entry of the Aryan-speaking peoples into India about 
1600 B.o. The site consists of two largo mounds and one small 
mound. These in ancient times had constituted a single city site, 
but it had been out through by flood water from the Indus, a 
disaster which had led to the city being abandoned. As Mohenjo- 
daro is also known to have suffered from the effects of flooding, 
Br. Mackay suggests that this may have been the cause of the 
downfall of this great civilisation. As regards the main objective 
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of the excavation, at present the lowest levels reached appear to 
be somewhat earlier than the strata immediately above water level 
at Mohenjo-daro ; but there is no culture between the base motmd 
level and subsoil water, which was reached at twenty-five feet 
below plain level. Evidence was found of five occupations of the 
Harappa civilisation (as it is now called) ; while above the last 
Harappa level was found an occupation at about 2000 b.c. of a 
small community of unknown origin, the Jhukar, living in houses 
of matting or mud, and, on their disappearance, another small 
community of a primitive form of culture already known as the 
Jhangar, from a site of that name in Sind. 

The site of Chanhu-daro is remarkable for its careful and elaborate 
system of drainage, its rich store of metal work in copper and 
bronze, its pottery, and its local manufacture of beads. An account 
of the results of the first season’s excavations is given by Dr. Mackay 
in i/.i?. Soc. Arts, 75, No. 4405. 
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Huxley Memorial Lecture, 1937 (A. B.) 

The Huxley Memorial Lecture was delivered in the Huxley 
Building of the Imf>erial College by Sir Thomas Holland on Tuesday, 
May 4. He took as his subject ‘‘ The Permanence of Oceanic 
Basins and Continental Masses.” 

Sir Thomas outlined the evolution ^of naturalists* ideas on a 
problem which, long before Darwin framed his ” laws of descent,” 
had erected itself on the difficulties raised by the geographical 
distribution of life-forms— particularly those which had apparently 
migrated across “ impassable ” oceanic barriers or negotiated 
‘‘ annihilative ** climatic and physiographical obstacles. 

Lyell, in his Principles, made no reference to the problem ; 
nor did ho discuss it until, many years later, he had reluctantly 
accepted Darwin’s views. 

Forbes (1846) had realised the necessity for assuming con- 
siderable change between oceanic and continental conditions. 
Dana (1866), on the other hand, decided that the sites of the 
I)resent continents and oceans must have been defined in early 
geological times. 

When Darwin (in 1869) propounded the doctrine that each 
species had proceeded from a single birthplace, he had to face the 
problem of accounting for s^>eoie8 which had achieved apparently 
impossible feats of migration. Rejecting Forbes* views, he followed 
Dana in assuming the permanence of oceans and continents, and 
stressed numerous “ casual and unexpected means of transport '* 
which had come under his own observation. Only once (in 1870) 
did Huxley discuss this problem. In order to account for the 
fauna migrant into Hindustan during Miocene times, he assumed 
a land-connection between the Deccan and Central and South 
Africa. For the concordances between the Miocene beds of Europe 
and North America he again required “ continuity of land-mass,” 
without (be it noted) actual rise of land across an oceanic ab3n9s ; 
connection via the continental shelf could conceivably have met 
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this requirement. On the other hand, for pre-Tertiary migration 
from continent to continent, he assumed a “ vast alteration ” of 
world geography — considerable vertical movement and “ incessant 
change ” of coastal areas and connecting channels ; but he still 
insisted on a general permanency of major oceanic and continental 
units. 

This deference to Genesis and the Mosaic cosmogony was first 
challenged (in 1855) by Blandford when he recognised the implica- 
tions of the Gondwana system of India. By the year 1891 
ho had correlated the Gondwana facies with similar formations 
in South America, South Africa and Australia, and to him 
no explanation other than “ foundering ” was conceivable. On 
Blandford’s conclusions Suess (1855) based his concept of an ancient 
Gondwanaland, which palseogeographers have come to accept with 
conviction. 

Blandford’s conclusions received further support five years ago 
from Sohuchert, who nevertheless betrays the traditional bias 
towards Dana’s views by naively pleading for “a smaller Gond- 
wanaland,” which would be “ easier to sink.” The same lingering 
loyalty to these views seems to underlie Bailey Willis’s recent 
(1931) conception of “ Isthmian Links ” as cordillera-like ridges 
connecting permanent continents. 

The modern phase opened with the advent of the Wegener 
hypothesis. Outlining the distributional problems this hypothesis 
claimed to solve, Sir Thomas commended its constructive ideas to 
naturalists generally, urging, however, that judgment should be 
withheld pending the accumulation of data adequate to assess the 
validity of the hypothesis. In the meantime, a notable contri- 
bution to the case has recently been made by du Toit, who has 
compared the formations on opposite sides of the South Atlantic 
and established concordances wluoh can be explained only by 
assuming that South Africa and South America are 2,000-3,000 
miles farther apart than they were at the close of Me so zoic 
times. 

We can confidently look to the futm« to supply the balance of 
observational data needed — facts of such a concrete character that 
mathematical postulates could neither challenge, nor modify, 
nor override them. These facts must be accumulated in the 
only way acceptable to naturalists — the Darwin and Blandford 
way. 
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InveBtigations on Salmon and Sea Trout (W. L. C.) 

In continuation of the series of investigations carried out by 
the Fishery Board for Scotland, there have appeared three papers 
on Salmon ^ and three on Sea Trout.* ' 

The war put an end to the coastal marking of salmon, and now 
at length this has been resumed at Loch Inchard, on the west 
coast, a short distance south of Cape Wrath. 

After analysing the well-recognised effects of an on-shore, as 
compared with an off-shore, wind and referring to experiments 
with different kinds of marks employed, an attempt is made in the 
first paper to draw conclusions about Routes of Migration. In the 
scale examinations of recent years it has become possible to identify 
different types of parr growth and to identify these with different 
rivers. When scales are taken from salmon caught in the sea, 
this information supports the view already arrived at that fish at 
any part of the coast are not of local origin but are drawn from 
widely separated rivers, and may be returning to many different 
rivers. Recaptures always show a scattering of the marked fish. 
From Loch Inohard there is a scattering to both sides of the 
country, and an interesting map is given showing the points of 
recapture and the interval of time. Mr. Menzies suggests that the 
fish foimd at Loch Inchard may come from a feeding-ground away 
north or north-west of the mainland. From Norwegian marking 
by Dahl we have instances of fish recaptured at Montrose and 
elsewhere on the east coast. One of the Loch Inchard marked 
fish has now been recaptured not far from Bergen, one as far south 
as Whitby, another on the west side as far as the Isle of Mull, 
while three went to the Outer Hebrides. 

The second paper was published in 1935 and is No. 5 of 
the series. It is based on the examination of 2,329 samples of 
scales. At the same time the Tay Salmon Fisheries Co. have 
supplied, confidentially, the percentages of their catch each month 

^ The Movements of Salmon Marked in the Sea, I. The North-west 
Coast of Scotland in 1936. By W. J. M, Menzies, F.R.S.E. (Edinburgh ; 
H.M. Stationery Office, 1937. 28, net) ; Salmon of the River Tay^ 1934. 

By P. R. C. Macfarlane, B.Sc. (Edinburgh : H.M. Stationery Office, 1936. 
1«. 3d. net) ; Salmon of the River Nith, 1936. By P. R. C. Macfeurlano, 
B.Sc. (Edinburgh : H.M. Stationery Office, 1936. 9d. net.) 

* Sea Trout of the Kyle of Sutherland District ^ 1934-35. By G. Herbert 
Nall, M.A., P.R.M.S. (Edinburgh ; H.M. Stationery Office, 1936. 28, net); 
Notes on Sea Trout from the Dee Tidal Nets, Aberdeen, 1935. By G. Herbert 
Nall, M.A.. F.R.M.S. (Edinburgh : H.M. Stationery Office, 1936. 1^?. 6d. 

net) ; Sea Trout of the Laxford System (Loch Stack and Loch More). By 
Q. Herbert Nall, M.A., F.R.M.S. (Edinburgh : H.M. Stationery Office, 
1936. Itf. 6(i. net.) 
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of the season, and the particulars have made it possible to 
correlate the results of the scale examination. In a river well 
known for its spring fishing, it may be surprising to learn that the 
predominant age group is the small summer (2 -f- winters) fish, 
and that the grilse approximate to this group in numbers. The 
large spring fish formed only 9 per cent, of the total, but in a 
previous examination made in 1930 they were found to be 21 "7 of 
the total. The small spring fish (2 winters) are more numerous 
than the large in both collections. The grilse of the Tay have 
always been known as large. They average lb., the maximum 
weight being 11 lb., and the minimum 3 lb. It is possible, 
however, to find lighter w’eights in certain years. As in other 
districts the bulk of the large spring fish come into the river in the 
early part of the season, after which their numbers diminish rapidly. 

The third also is a paper based on scale examination, and 801 
samples of scales were obtained for examination. In this river the 
small spring fish were found to be the chief group, the grilse being 
almost as numerous. Large spring fish formed only C-4 per cent, 
of the whole, while large summer fish (3 + winters) were 0-1 . More- 
over, the peak period of the season was in March (64'7 of the season), 
a result which might well have an influence upon the alteration of 
the annual close time. The same habit of the large spring fish 
already noted in the case of the Tay obtains in the Nith also, but in 
the Solway district the grilse are relatively light in weight. A point 
of interest is that the calculated lengths of the parr and smolts 
show a greater measurement than in any other river in Scotland, 
and the increment added in the sea is also in corresponding degree. 

Mr. Nall has studied the Sea Trout of all the chief rivers in 
Scotland, and in the first paper, although the Kyle of Sutherland is 
not an important district for this fish, he gives four tables in which 
comparison is made between fully twenty districts. It is in such 
comparisons that a comprehensive view can be obtained concerning 
the age at time of the first seaward migration, the lengths of the 
smolts, growth in the sea, and age at maturity. Thanks to Mr. 
Nall’s long series of scale examinations we are now in a position to 
understand this plastic species as never before. We learn that 
there is a spring run in the Spey, Tay, and Tweed, Beauly, and 
certain rivers of the West, and that there is no such run in the 
Kyle ; that in the Solway the migrating sea trout smolts are 
of shorter length than elsewhere — a singular fact in view of 
Mr. Macfarlane’s discovery, noted above, that the salmon smolts 
are longer tlian in other localities. The sea trout in the 
Aberdeenshire Dee tidal waters are very numerous but are not 
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to any great extent belonging to the Dee district, because the 
Dee estuary is a favourite place for sea trout from other rivers 
congregating. Some 84 per cent, of them are maiden /fish 
in their second summer migration. In the case of the Lakford 
district in which the famous Loch Stack is situated, perhaps the 
finest sea trout fishing loch in all Scotland, the fish are large yet 
they are of slow growth. Over 3,000 samples in the Dee showed 
that the great majority were under 2 lb. in weight. In the Laxford, 
3-lb. fish are common, as in the Ewe and Loch Maree district, 
while fish up to 10 lb. were obtained — a single fish of 12^ years. 
Another feature is that the smolts migrate chiefly when 3 years 
old, in accoidance with the ascertained facts about geographical 
latitude. In Loch Stack it is usual to throw back all sea trout 
under a pound in weight, and the supervision of the excellent 
spawning areas, etc. is sufficient to preserve a large stock in spite 
of the slow rate of growth in the sea. 

Could Diluvial Man Count ? (G. D.) 

Some recent discjoveries by Dr. Karel Absolon, curator of the 
Moravian Museum at Brno, (Czechoslovakia, and an authority on 
Palaeontology, suggest that the mammoth hunters of 20,000 years 
ago could count. In the course of excavations at VSstonice in 
South Moravia (on the route from Warsaw to Vienna known to have 
been followed by prehistoric animals in their winter migrations) 
remains of settlements have been unearthed and a number of plastic 
and carved figures have come to light. They mostly consist of 
representations of animals, either heads of bears, lions, horses and 
others hard to identify, or the torsos of these creatures. Some of 
the heads lack definite form or have had the ears, eyes or nose 
deliberately omitted. They were found associated with mammoth 
teeth and skulls and some of these have been carved into clear 
representations of animals, but perhaps the most significant find is 
that of marked bones of wiW horses and wolves. 

Horse bones had been mode into crude long-pointed pins with 
markings as though used for counting. A wolf’s leg-bone also had 
55 clear and regular parallel lines, the twenty-fifth and twenty-sixth 
being twice as long os the rest and there seems evidence that these 
contemporaries of the Cro-Magnonians of France were not only able 
to count but could count on a system of fives derived presumably 
from the fingers of the hand. 

The most important plastic object that has come to light through 
Dr. Absolon’s excavations is the so-called V&tonice Venus. This 
model of a pre-historic beauty is about 6 inches high and the artist 



142 SOIBNOE PBOOBBS8 

must have devoted much thought to its construction and the details 
of the limbs and features. Visitors to the Brno museum will find 
there only a plaster cast, for the valuable and unique original is 
kept in the vaults of a bank in the vicinity and i!an only be seen 
imder special circumstances. 

The Future of Canadian Mining (G. W. T.) 

A well-illustrated brochure with the above title has been 
published by the Canadian Government (Ottawa : 1936, 83 pp.). 
It consists of verbatim reports of twelve roflio talks on various 
aspects of Canadian mining which were delivered between January 
and April, 1936. The introductory talk was given by the Hon. 
T. A. Crerar, Minister of Mines, on “ The Development of Canada’s 
Mineral Resources.” In this, Mr. Crerar says that he is introducing 
a series often talks, and his name appears on the title-page apparently 
as the author of the whole series, yet there is internal evidence that 
at least some of the talks were delivered by other voices. This 
interesting little volume provides an excellent eon8|)ectu8 of the 
present state and futme prospects of Canadian mining. The 
following eleven chapter titles illustrate very strikingly the scoiw 
and aim of the work : “ The Lure of Gold pushes back Canada’s 
Northern Frontiers ” ; “ Northern Mining Forges New Link 

between Eastern and Western Canada ” ; ‘‘ The Nature and 
Distribution of Canada’s Gold ” ; “ The Role of the Mining Industry 
in Creating Employment ” ; “ The New Traffic that Mines are 
Creating for Canaffian Railways ” ; “ The Industrial Metals in 
Canada’s Mining Industry ” ; “ Metal Mining in British Columbia 
and Yukon ” ; “ Canada’s Mineral Industry in its Relation to the 
National Welfare ” ; “ The International Importance of the 

Canadian Mineral Industry ” ; “ The Non-metallic Minerals in 
Canada’s Mining Industry ” ; and “ An Epitome of the M ining 
Industry in Canada.” In the talk on the international importance 
of the Canadian mineral industry it is clearly shown how the decline 
in agricultural production, especially wheat, caused by the recent 
collapse of international markets, has been compensated by the 
rapid growth of exports of gold and non-ferrous metals in the last 
few years. It has been fortunate for Canada that she is blessed 
with more than her share of the world’s mineral wealth, and an 
abundance of water power with which to develop it. 

Miscellanea. 

The Coronation honours list published on May 11 included the 
following names : Baron : Sir John Cadman, cha irman, Anglo* 



NOTES 


143 


Iranian Oil Company. K.C.B. : Prof. E. Mellanby, Becretary, 
Medical Research Council. K.C.M.O. : Prof. A. P. W. Thomas, 
emeritus professor of botany, zoology and geology, University 
College, Auckland. Knights Bachelor : Prof. R. W. Chapman, 
professor of engineering. University of Adelaide ; Brigadier H. J. 
Couchman, surveyor-general of India ; P. Kelland, chief veterinary 
officer, Ministry of Agriculture and Fislieries ; Col. A. Olver, adviser 
in animal husbandry. Imperial Council of Agricultural Research ; 
Dr. R. H. Pickard, director of the British Cotton Industry Research 
Association ; Prof. D’Arcy W. Thompson, professor of natural 
history. University of St. Andrews. C.H. : Prof. C. T. R. Wilson. 
C.B. ; Major-General H. M. Perry, professor of pathology, Royal 
Army Medical College ; Dr. D. R. Pye, director of scientific research, 
Air Ministry ; C. W. Wright, director of scientific research. 
Admiralty. C.M.O. : A. J. Findlay, director of agriculture, 
Zanzibar ; C. F. M. Swynnerton, director of tsetse research, Tangan- 
yika Territory. C.l.E. : Lieut. -Col. Clive Newcomb, chemical 
examiner to the Government of Madras and principal, Medical 
College, Madras. C.B.E. : Prof. A. L. Bowley, emeritus professor 
of statistics, University of London ; Dr. A. D. Crow, director of 
ballistics research, Royal Arsenal, Woolwich ; Col. J. Heatly- 
Spencer, professor of tropical medicine, Royal Army Medical College. 
O.B.E. : H. N. Linstead, secretary, Pharmaceutical Society of Great 
Britain ; H. W. Simmonds, entomologist, Fiji ; Dr. J. M. Stagg, 
senior technical officer, Meteorological Officer. 1.8.0. : A. More, 
deputy Government chemist. 

This year the names of the new fellows of the Royal Society 
were not announced until after their election by the Society as a 
whole. The election took place at the meeting held on May 6 and 
the list is as follows : J. D. Bernal, lecturer in crystallograi)hy, 
University of Cambridge ; Prof A. C. Chibnall, professor of bio- 
chemistry, Imperial College of Science and Technology ; Prof G. R. 
Clemo, professor of chemistry, Armstrong College ; Dr. A. N. 
Drury, lecturer in pathology, University of Cambridge ; Prof H. 
Munro Fox, professor of zoology. University of Birmingham ; 
Prof W. E, Gamer, professor of physical chemistry. University of 
Bristol ; Dr. S. Goldstein, lecturer in mathematics. University of 
Cambridge ; Dr. P. Hartley, director of biological standards. 
National Institute for Medical Research ; Prof. H. L. Hawkins, 
professor of geology. University of Reading ; Rev. J. E. Holloway, 
lecturer in botany. University of Otago ; Dr. W. Hume-Rothery, 
Warren research fellow of the Royal Society ; Dr. T. G. Mason, 
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Cotton Besearoh Station, Trinidad ; J. Reid Moir, archasologist ; 
Dr. M. L. E. Oliphant, assistant-director of research, Cavendish 
Laboratory, Cambridge ; Dr. C. F. A. Pantin, lecturer in zoology, 
University of Cambridge ; Dr. D. R. Pye, deputy director of scientific 
research, Air Ministry ; Dr. E. C. Stoner, reader in physics, Univer- 
sity of Leeds. 

H.M. the King has approved the award of the Founder’s medal 
of the Royal Geographical Society to Col. C. G. Lewis for his surveys 
in Iraq, Syria and elsewhere, and the award ot the Patron’s medal 
to Mr. Lincoln Ellsworth for his contributions to the aerial explora- 
tion of Polar regions. 

Sir Frederick Gowland Hopkins has been awarded the Ilarten 
gold medal of the Royal Institute of Public Health. 

The Council of the Royal Anthropological Society has awarded 
the Wellcome gold medal to .Dr. C. K. Meek for his work in Nigeria 
and the Rivers Memorial medal to Dr. E. C. Evans-Pritchard for his 
work in Kenya and the Sudan. 

The Guiming Victoria Jubilee prize for the period 1932-3fi has 
been awarded by the Royal Society of Edinburgh to Prof. C. G. 
Darwin for his contributions to mathematical physics. 

Prof. G. G. Henderson, regius professor of chemistry in the 
University of Glasgow, has been awarded the medal of the Society 
of Chemical Industry. 

We have noted with great regret the announcements during the 
past quarter of the death of the following men of science : Prof. 
A. W. Borthwick of Aberdeen, forester ; Dr. A. H. Church, F.R.S., 
of Oxford, botanist ; Dr. W. H. Collins, formerly director of the 
Canadian Geological Survey ; Sir James Currie, chairman of the 
governors of the Imperial College of Tropical Agriculture, Trini- 
dad ; Dr. W. M. Davies, of Bangor, entomologist ; A. Davy, 
director of the Western Electrical Instrument Co. ; Mr. A. 
Gallenkamp, founder of the firm bearing his name ; Dr. S. F. 
Grace, of Liverpool, mathematician ; Sir Capel Holden, F.R.S., 
engineer ; Prof. Paul Janet, of Paris, physicist ; Sir Albert 
Kitson, formeriy director of the Gold Coast Geological Survey ; 
Prof. D. A. Low, Queen Mary College, engineer ; Dr. F. S. Macaulay, 
F.R.S., mathematician ; Sir Thomas Mottram, F.R.8., formerly 
H.M. Inspector of Mines ; Prof. A. Pictet, of Geneva, organic 
chemist ; Prof. F. P. F. Ransom, of London, pharmacologist ; 
Prof, J. 0. Stieglitz of Chicago, organic chemist ; Mr, W. Taylor, 
F.R.S., director of Messrs. Taylor, Taylor & Hobson ; Dr. Elihu 
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Thomson, electrical engineer ; Prof. M. C. W. Weber, For. Mem. 
R.8., of Amsterdam, zoologist ; Prof. S. Young, F.B.8., chemist. 

Sir Henry Tizard has been elected to be a member of the Board 
of Trustees of the British Museum. 

Prof. W. L. Bragg, Langworthy professor of physics in' the 
University of Manchester, has been appointed to succeed the late 
Sir Joseph Petavel as director of the National Physical Laboratory. 

It is announced that the Science Museum at South Kensington 
will remain open on Thursdays, Fridays and Saturdays until 8 p.m., 
the closing time on other days being 6 p.m. as customary on all 
days since October, 1931. This is a resumption of pre-war practice 
and it is hoiied that it will receive support from the general public, 
as it certainly will from serious students whoso work makes it 
impossible for them to use the collections during the daytime. 

The Mineral Resources Department of the Imperial Institute 
has issued a monograph on Strontium Minerals (pp. 33, la. 6d.) 
which contains an up-to-date account of their occurrence, their 
treatment and their uses. The world’s most important sources 
are the oelestite (strontium sulphate) deposits near Bristol 
and the deposits of strontium carbonate in Westphalia. The 
English celestite has dominated the market, the bulk of the supply 
being sent to Germany for the manufacture of strontium compounds, 
some of which returned for use in the United Kingdom. They have 
a variety of uses especially in the beet-sugar industry ; in the 
manufacture of fireworks, flares, torches and signals ; as fillers in 
the seals of electric batteries, in water-paint distempers, asphalt 
surfacing material and rubber ; as “ cleansers ” for removing sulphiu 
and phosphorus from special steels ; as precipitants in the purifica- 
tion of caustic soda ; in certain refrigerators ; and in the chemical, 
pharmaceutical and ceramic industries. Certain of the salts are 
regarded as essential war materials, pa.rticularly for the manufacture 
of tracer-bullets and red flares. It is therefore not surprising to 
learn that attempts are being made to establish a strontium salt 
industry near Bfrmingham. 

The Report of the Imperial Institute for the year 1936 shows 
that work in aU its departments increased during the year. There 
were over 700,000 visitors to the galleries, mcluding some 2,300 school 
parties. The attendance in the cinema hall increased by 20 per 
cent to 120,000, there was a 17 per cent, increase in the number of 
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technical enquiries received by the Mineral Resources Department 
and the Intelligence Department dealt with some 1,200 enquiries from 
all parts of the Empire. One investigation which may lead to results 
of great importance dealt with simples of oU-palm fruits from five- 
year-old trees of the West African oil-palm {Eheis guineensis) 
grown at Kibarani, 46 miles south of Mombasa in Kenya. The 
quality of these fruits was quite satisfactory and the Institute was 
able to report that, grown on a commercial scale, they should enable 
the colony to share in the lucrative and increasing international 
trade in vegetable oils. A full report of this investigation is given 
in Vol. XXXV, No. J, of the Bulletin. 

The Report of the Water Pollution Research Board for the year 
ending June 30, 1930, stated that a notable advance has been made 
in the investigation of methods for the purification of waste waters 
from dairies and milk products factories. The industry is co- 
operating in the work through the Milk Marketing Boards and 
contributed £3,300 towards the cost in the year under review. 
Purification is effected by the activated sludge process or by biolo- 
gical oxidation in percolating filters. 

Investigation of materials for softening water by the base- 
exchange process has shown that material prepared from British 
fullers earth is superior to the imported treated clays generally 
employed and several firms are considering the commercial pos- 
sibilities of using the home product. Earlier work under the Board 
had led to the discovery that synthetic resins prepared from certain 
phenolic substances and tannins possess marked base-exchange 
properties and can soften comparatively large quantities of hard 
water. Unlike synthetic zeolites and treated clays now in com- 
mercial use, many of these resins are not detrimentally affected by 
solutions of acids and alkalis. It had also been discovered that 
resins possessing acid-exchange properties can be prepared from 
certain aromatic bases. By treating natural waters first with a 
base-exchange resin and then with an acid-exchange resin the salts 
in solution can be wholly removed. These important discoveries 
have opened a new field of investigation and experiments on the 
properties of many examples of the resins hav<» been continued. 
The investigation has roused widespread interest and has led to 
numerous enquiries from all parts of the world. Several commercial 
firms are now actively interested and some are already manu- 
facturing the resins in small quantities. 

The Annual Report of the Indian Association for the Cultivation 
of Science for 1936 contains the yearly balance sheet, rules for the 
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award of the several short-period professorships, medals, prizes and 
research scholarships at its disposal and the usual account of the 
activities of the Association during the year. Research work under 
the direction of the Mahendralal Sicar professor has been progressing 
successfully. Seven researcli scholars were appointed and 16 papers 
published. Fifty-four papers appeared in the several parts of the 
Indian Journal of Physics published during the year, 2 from workers 
in America, 29 from authors working in Calcutta and the rest from 
different parts of India. It would apj)ear, however, that the 
publication of the Journal is involving the Association in a small 
loss. The Report, as a whole, gives the impression that the Associa- 
tion is passing successfully through a somewhat difficult }ieriod of 
reorganisation. 

The Bell Laboratories Record for March, 1937, contains a brief 
account of a method for producing thin plates of single crystals of 
water soluble substances. These thin crystals are grown between 
parallel glass plates in a solution super-saturated by cooling after 
inoculation with a seed crystal placed between the plates. The 
Journal of Research of the National Bureau of Standards for Decem- 
ber, 1936, contains a paper dealing with the stability of the cellulose 
acetate and cellulose nitrate films used in cinematography. It is 
concluded that the cellulose acetate type of safety film is very stable 
and a promising material for library use. The January number of 
the Journal contains an account of a re-determination of the atomic 
weight of aluminium. The value accepted by the Committee on 
Atomic Weights of the International Union of Chemistry is 26-97. 
The new value, obtained by Hoffman and Lundell, is 26-974 ± 0-002, 
while Aston’s work with the mass spectrograph gives 26-9855 
(0 = 16). Converted to the scale 0^* = 16 Hoffmann’s value is 
26-9794, which gives a packing fraction — 7-6, as against Aston’s 
value — 3-4, the latter falling well on the mass number-packing 
fraction graph. 

The April number of the Journal contains an important paper by 
Osborne, Stimson and Ginnings dealing with their calorimetric 
determination of the thermodynamic proj)ertie8 of saturated water 
in both the liquid and gaseous states from 100° to 374° C. and sup- 
plementing their previous work over the range 0° to 270° C. The 
results are expressed in international joules or “ International Steam 
Table Calories ” defined as 1/860 international watt hour, which 
is equivalent to 4-18606 international joules.” This calorie would 
appear to be sensibly equal to the 16° C. calorie (4-186 x 10’ ergs). 
In this unit the latent heat of a gram of steam at 100° C. is given as 
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539-12 and the enthalpy of a gram of water at the critical point 
(374-16° C.) as 498. MisceUaneoua Pnblicalion M126, issued by the 
Bureau of Standards, is a 4-page leaflet on stout paper containing 
temperature interconversion tables (° C.-< — ►° F) and the melting 
points and atomic weights of the elements of which only two— 
numbers 86 and 87 — remain undiscovered. The leaflet is obtainable 
from the Superintendent of Documents, Washington, D.C., price 
6 cents. 

The Annval Report of the Smithsonian Institution for 1936 
contains a paper by its secretary, C. G. Abbot, dealing with the 
results of the long-continued observations of the solar constant at 
the stations in Chile and elsewhere maintained by the Institution. 
Twelve |>eriodicities in variation of this constant have been detected, 
all of them aliquot parts of 23 years, which is the period of the sun’s 
magnetic cycle and about twice the sun-.spot period. Indications 
of an existence of the same period in very diverse weather phenomena 
have been discovered. The great bulk of the volume (pp. 1 1 7-572) 
is occupied, as usual, by a General Appendix consisting of reprints 
of important papers descriptive of recent advances in scientifle 
knowledge. These are all very readable and should make the 
Report welcome in any library. 

The Tenth Annual Report of the Council for Scientific and 
Industrial Research of the Commonwealth of Australia covering the 
year ending June 30, 1936, describes the progress which has been 
made in a multitude of problems mainly of interest to the agricultural 
community. The prickly pear has been conquered and the improve- 
ment of the cleared land for agricultural and pastoral purposes is 
proceeding steadily, while the Prickly Pear Board is diverting part 
of its staff to the investigation of insect enemies of other plant 
jjests. Losses due to the peach moth (Cydia molesta) have increased 
enormously in the last three years and have become so great as to 
threaten the existence of the canned peach industry. Vigorous 
efforts are being made to destroy the larvae, but an entirely satis- 
factory method has not yet been found. Sir Charles Martin’s 
investigations on the virus disease myxomatosis in rabbits have 
been completed. His experiments showed that the fatality is 100 
per cent, in wild European rabbits and that no one had, so far, 
succeeded in producing the disease in other animals. It is, however, 
considered that further careful enquiry is necessary before the virus 
is introduced at large in Australia. The effects on all types of 
animals is to be investigated under strict quarantine conditions in 
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Australia itself and, if no ill results follow, a field test will be made, 
probably on an island, to determine the efficacy of the virus in exter- 
minating rabbits under natural conditions. J^rogress in the cultiva- 
tion of the tobacco plant has been held up by downy mildew. It 
has now been found possible to control this disease by introducing 
benzol vapour into covered seed beds and it is hoped that it may 
now be possible to establish the tobacco industry in localities with 
suitable soil and climate. 

The Report of the National Physical Laboratory fcyr 1936 is printed 
in the same form os the annual report of the Department of Scientific 
and Industrial Research, the change of style bringing with it a con- 
siderable reduction of cost, which is now only 2s, Gd. net (H.M. 
Stationery Office, Kingsway, W.C.2). The following extract from 
the report of the Executive Committee suggests another change in 
the practice of the Laboratory : “ . . . the Committee will be 
prepared, in ai^propriate cases, to send members of the staff to 
manufacturers’ work to survey the problem and, where appropriate, 
to carry out the investigation under the conditions obtaining in 
the industry.” The work of the laboratory continues to increase. 
The Physics Department reports that some 500,000 clinical tlier- 
mometers and 7,000 other thermometers were tested and that a 
British Standard Specification for clinical thermometers has been 
issued. The Photometry division carried out a secret test to 
determine the value of the daylight illumination at which a typist 
switches on her lamp. It was found that, on an average, the light 
was switched on when the illumination on the work fell to 5 ft.- 
candles, the spread being from 3 to 8 ft.-candles. The Metrology 
Department has shown that the discrepancy between the length 
of the metre as determined at the Laboratory and at the Reichsan- 
stalt is not due to errors in the optical work. A new determination 
of g has been made and it is hop^ to obtain an accuracy of 1 in 10*. 
The Metallurgy Department has patented several new magnesium 
alloys ; those intended for use at temperatures below ISO'' C. contain 
aluminium, silver, manganese and calcium, and others intended for 
use up to 300° C. contain cerium, cobalt and manganese. 
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THE CHEMICAL NATURE OF COAL. By J. W. Cobb, C.B.E., 
B.Sc., F.I.C., Livosoy Proft^sor of Coal and Fuel Industries in 
the University of Lo(mJh. Being a Review of Coal r Its Constitution 
and Uses, by William A. Bone, D.Sc., Ph.D., F.R.S., and Godfkey W. 
Himus, Ph.D., M.l.Chem.E.. D.l.C. [Pp. xvi 4 631, with 22 plates 
and 114 figures.] (London, Now York, Toronto: Longmans, Green 
& Co., 1936. 255. net.) 

The appearance of a new book on coal by Professor Bone (this 
time in collaboration with Dr. Himus) invites at once comparison 
with his well-known work entitled Coal and its Scientific Uses, 
which was issued in 1918 by the same publishers, as one of the 
monographs on industrial chemistry edited by the late Sir Edward 
Thorpe. Pride of place is, however, given in the title Coal : Its 
Constitution and Uses to a feature which is prominent in the new 
work, and helps to give a special character to it, consisting as it 
does of a readable and lucid exposition at considerable length of 
the recent valuable research work of Professor Bone and his col- 
laborators on the chemical nature of coal and allied fuels. This 
work has aroused lively interest as its results have been brought 
forward in lectures and scientific journals, but no account of it 
until now has appeared in collected form. There are other features 
which place the book in a class of its own, apart from the con- 
ventional text-book on a technological subject, and make it one 
which can be read with advantage by all who desire to be better 
informed, not only on such things as the occurrence and com- 
position of coals found in this and other countries, and the processes 
through which coal may be put in use or in preparation for use, 
but also on economic considerations which are of so much import- 
ance in this connection, and must have their influence in deter- 
mining the right lines of technical development. In this and other 
respects, the reviewer is reminded of the new approach to a similar 
subject which was made when, in 1884, Lowthian Bell published 
his book on the manufacture of iron and steel, “ with some notes 
on the economic conditions of their production.’’ If Professor Bone 
has been attracted and influenced by the method of treatment 
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adopted in that work, it is an influence which others have shared, 
to their advantage, and to that of the subjects with which ^ey 
have been called upon to deal, primarily by its substitution of an 
ordered and quantitative analysis of technical problems for the 
facile descriptiveness which is so often served up in its place. 

It is by no accident that sixty pages of Professor Bone’s new 
book are given up to an interesting review entitled Fuel Economy 
in the Manufacture of Iron and Steel, in which Lowthian Bell’s 
researches and views as to limits of fuel economy are clearly 
explained, and are followed by an account of more recent work 
bearing on this subject, in which Professor Bone has played a part. 

This brings me to an attempt to characterise the book and its 
method of treatment. It is unnecessary perhaps to recall that in 
a long career devoted to the science and technology of fuel, Pro- 
fessor Bone has covered as an investigator a considerable range of 
subjects and has published the results of much highly esteemed 
original work. This is undoubtedly a great advantage in dealing 
with a subject so wide as that covered by the book under review, 
in making it possible to convey the results of a large amount of 
first-hand knowledge relevant to many issues, and particularly 
knowledge of many branches acquired by systematic scientific 
research. It does, however, arouse almost of necessity a disposi- 
tion to give those branches of work distinctly preferential notice, 
and, as a consequence, it is not surprising to find in this book some 
unevenness of treatment. The knowledge of recent work in par- 
ticular, so much in evidence in those branches of the subject in 
which Professor Bone and his collaborators have worked and 
interested themselves, seems lacking at times when other branches 
come under review. There is all the difference between thorough 
original treatment and mere mechanical compilation, according to 
the subject-matter treated. This does not detract at all from the 
interest of the book as one to read, and indeed adds to its value 
in the sense that a large proportion of it is presented in an excep- 
tionally interesting and informing way, but its limitation from this 
point of view has to be noted, not so much for the discerning and 
well-informed reader, as for the ordinary student, expecting and 
assuming that more uniform level in treatment of different parts 
of his subject usually accorded in text-books with a comprehensive 
title. 

The range of this work may now be briefly indicated. Com- 
mencing with the economic aspects, to which reference has already 
been made, there follows a specially valuable and thoughtful chapter 
entitled “ Britain’s Coal Problems.” Such themes as the displace- 
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ment of coal by oil, the production of oil from coal, the use of low- 
ash pulverised coal in place of oil, the preparation of low-ash coal, 
and the use of low-ash pulverised coal in Diesel engines, are in 
turn the subject of pregnant remarks, and this is iollowed by a 
brief account of how the very necessary training of fuel technolo- 
gists in our Universities has been undertaken in turn by special 
departments established at Leeds in 1906, London in 1912 and 
Sheffield in 1920, in addition to courses and research work in con- 
nection with some aspect or other of the subject established at 
other colleges and Universities. It is stressed that although some 
industries have given generous support, it can scarcely yet be said 
that, generally speaking, the financial provision for the research 
work of such departments is commensurate with its importance to 
the coal industry and the nation. The work of the Fuel Research 
Board, particularly in carrying out the physical and chemical 
survey of British coal seams, is also noted, with a suggestion that 
the outlook of the Board should be broadened, and that it should 
use the funds at its disposal for the promotion of fuel research 
throughout the country. 

Then comes an excellent account of the origin, formation and 
classification of coals, including brown coals, lignites, sub-bituminous 
and anthracitic coals, and a chapter on the coalfields of this and 
other countries. Next follows a chapter of special value on the 
chemical constitution of coal, as investigated by the use of solvents 
and oxidising agents, particularly permanganate. It is there shown 
how the more recent experiments carried out by Professor Bone 
and his collaborators have established firmly what hod previously 
been little more than a suspicion, the essentially benzenoid char- 
acter of the main coal substance, and have proved its progressive 
development throughout the lignin, peat, coal, anthracite series. 
To the reviewer, the most valuable part of this particular research 
work has seemed to be the construction of carbon balance-sheets 
showing the results of permanganate oxidation, demonstrating not 
only the occurrence of aromatic products, but their occurrence in 
such quantities as made it certain that the main substance of the 
coal and not some minor constituents must have been their source. 

A chapter on the preparation of coal for the market is followed 
by one on combustion and heat transmission in boilers, with some 
useful information on boiler design and its equipment. The car- 
bonisation industries receive an adequate but conventional treat- 
ment, and there is a good account of producer gas. The chapter 
on water-gas is brief and seems inadequate, in view of the import- 
ance which that and analogous means of gasification seem likely 
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to assume in future. The excellent chapter on fuel economy in 
iron and steel works, to which reference has been made, is followed 
by one on power production from coal in central stations, the 
progress in this direction being clearly indicated. Domestic heating 
by coal, coke and gas fires is made the subject of a chapter, fol- 
lowed by one on the hydrogenation of coal, mainly taken up by 
a description of the Billingham plant, for which acknowledgments 
are made to Mr. Kenneth Gordon. The scientific side of this subject 
is not unduly stressed, but its beginnings are traced a very long 
way back to an observation made in 1908 by Bone and Coward 
that large yields of methane could be obtained by maintaining a 
mixture of ethane of ethylene with hydrogen at atmospheric 
pressure for an hour at 800° C. 

Examples are given of the application of surface-combustion, and 
in a final chapter Dr. R. J. Sarjant analyses very effectively and 
on scientific principles the factors influencing fuel economy and the 
transmission of heat in industrial furnaces. 

There is no doubt as to the value and high quality of this book. 
The tables and figures are specially well chosen as illustrating the 
text, but in Figure 24, page 156, the attached description, “ Dis- 
tillation of Silkstone Coal in Vacuo at 960° C.,” seems to convey 
the wrong idea. The figure illustrates results obtained by Burgess 
and Wheeler, by the process of rapid heating at 950°, and should 
not be confused with the slow distillations in vacuo which they 
conducted at lower temperatures. The same figure appears in 
Coal and its Scientific Uses. 
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Mathematics lor the Million : A Popular Self Educator. By 

Lancelot IIocibek. TllastrationB by J. F. Horrabin. fPp. 647, 

with frontiKpieco and 197 figures.] (London : George Allen & Unwin, 

Ltd., 1936. 12«. 6d. net.) 

This lively and provocative book is a brilliant tcnir de force. It is intended 
to remove the inferiority complex of “ some of the million or so intelligent 
people who have been frightened by mathematics while at school.** Its 
theme is that the liistory of mathematics is the mirror of civilisation, reflect- 
ing its progress stage by stage. Its argument is that all fruitful (t.e. socially 
useful) intellectual activity is limited by the general level of social culture 
of the time, and beyond that point speculation, even by the cleverest, is 
bound to end in barren isolation from common life and to become ** the 
plaything of a leisured class.” The mathematician and the ordinary man 
both need each other, and it is therefore of prime importance that we should 
all know something about mathematics. Its scheme in the author’s own 
words is this : ” The customary way of writing a book about mathematics 
is to show how eewjh step follows logically from the one before without telling 
you what use there will be in taking it. This book is written to show you 
how each stop follows historically from the step before, and what use it will 
be to you or someone else if it is taken.” 

We begin with the earliest attempts at coimting and measurement (the 
beginnings of a ” size language ”), developed by the Egyptian builders into 
a system of geometry. The Greeks took this over, and as they became 
prosperous it degenerated in their hands into a plaything of abstractions. 
The scene shifts to Alexandria, the world’s shipping centre, where trigono- 
metry measured the size of the earth and the distances of sun and moon. 
Such measurements involved numbers too great for existing counting systems 
to manipulate, and the next advance came with ” the dawn of nothing,” 
the Hindu zero and numerals, developed by the Arabs, spread by the sweep 
of Moslem civilisation, and brought along the trade routes into Western 
Europe. With this powerful instrument the treasure box was opened. The 
great navigations involved more accurate tables of star measurements, and 
logaritluns were invented to calculate them. Mathematicians were now 
thinking in terms of maps, longitude and latitude. With the invention of 
mechanical clocks the world was ready for Descartes* new geometry which 
took count of time and opened the way for the calculus, the measurement 
of change and the foundation of the modem studies of probability and 
statistics. 

This bald summary necessarily omits many of the important topics dealt 
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with in a long book, packed with interesting and out-of-the-way information 
and written with unflagging energy and unity of purpose* Anyone who 
has worked through it and tackled the exercises at the end of eeich chajiter 
will have made acquaintance with the elements of arithmetic, geometry, 
plane and spherical trigonometry, algebra, logarithms, graphs, calculus 
and statistics. If this means that the average reader of Scienob Progress 
will not have learned any new mathematics, he will certainly have acquired 
a new view of the interdependence of its parts. 

It would be graceless to say much in criticism of such a brilliant pioneering 
effort, but a few impressions out of many may be recorded. The attempt 
to be popular and to avoid “ jargon involves some long-winded discussion 
and even leads to some now U^chnical terms, such as “ back numbers ’’ (for 
negative numbers), whose associations may bo confusing. So too the analogy 
worked out at groat length between mathematical and ordinary grammar 
(in which, for example, the sign “ — ** is translated by the infinitive verb 
to get ”) seems hardly likely to be more helpful than the similar spoon- 
feeding expedients of phonetics or sol-fa. But the main defect of the book 
is the all-perv’^ading note of contemptuous intolerance for all work not directly 
concerned with achieving the social millennium as the author sees it. His 
insistence that no enquiry is of value unless undertaken with a social purj^ose 
enables him to heap ridicule upon those whom he dislikes in every ago, in- 
cluding all priests cuid most profl^ssors. It is very amusing, but it is not 
mathematics — or rather perhaps it is just left-wing mathematics. Nor is it 
always consistent ; Plato is roundly condemned for treating geometry as 
a plaything and running it into a dead end, but the Pythagoreans, who also 
had independent incomes and played equally happily with triangular numbers, 
escape with a mild caution, because these niunbers afterwards proved to have 
a bearing on the binomial theorem and statistics. Nor is it true : history 
is too full of examples to the contrary, from the analysis of pendulum motion 
to Rieraonn’s geometry and matrix algebra, to persuade us that the sup- 
pression of pure human curiosity would not put an ond to practical human 
progress. Too much need not be made of the author's gibes, for ho himself 
asks us not to take them too seriously, and the book remains one which 
everyone, mathematician or not, should road with profit, preferably with 
pencil and squared paper before him and a salt-cellar at his loft elbow. 

A word of praise must be added for Mr. Horrabin’s illustrations, which 
are uniformly clear and valuable. There is a slight slip in Fig. 101 (p. 276), 
where what purports to be a parabola would actually, if completed, be an 
ellipse. 

B. W. F. 

Htaviaide’s Operational Calculus : as Applied to Engineering and 
Physice. By Ernst Juuus Berg, Sc.D. Second Edition. Elec- 
trical Engineering Texts. [Pp. xvi -f 258, with 102 figures.] (New 
York and London : McGraw-Hill Publishing Co., Ltd., 1936. 18^. 

net.) 

This book is the second edition of a work already well known to those in- 
terested in the more mathematical aspects of electrical engineering. In 
order to follow the methods described, the reader requires a fair knowledge 
of differential and integral calculus, though the main object of the book 
is to show how the operational methods developed by Oliver Heaviside avoid 
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many of tho difficulties inherent in the more fonnal methods of solving 
differential equations. 

Although the fundamental foaturos of the method are adequately treated, 
and several chapters are devoted solely to this puri)ose, a very large portion 
of the book is taken up with the applications of Heaviside’s methods to the 
solution of specific problems. A long appendix is also devoted to this latter 
purpose, numerous practical problems being worked out in detail. In view 
of Heaviside’s own contributions to electrical theory, and tho fact that most 
of his mathematical work was applied to this end, it is not surprising that 
the problems selected by the author arc mostly electrical, though on© short 
chapter is devoted to the solution of a problem in heat conduction. 

In addition to tho direcit exposition of operational calculus, some atten- 
tion is given to algebraical problems arising out of it, notably the solution 
of equations containing high powers of tho variable. 

A pleasing feature of the book is tlmt the personality of the originator 
of the mathematical methods described is not ignored. In addition to a 
foreword giving a brief account of the life of Oliver Heaviside, there is a 
long chapter by B. A. Behrend which gives an account of his work with many 
intimate glimpses of his personality. 

The book can be confidently recommended to engineers who desire to 
acquire a knowledge of Heaviside’s valuable contribution to tho methods 
available for attacking the more abstruse problems which oris© in electrical 
theory. 

H. M. L. 

Introduction to the Theory o! Linear Differential Equations. 

By E. G. 0. Poole. [Pp. viii + 202, with 5 figures.] (Oxford : at 
the Clarendon Press ; London : Humphrey Milford, 1936, 17a, 6d. 

net.) 

Mb. Poole has made a valuable addition to the literature of the subject 
and it is a great pleasure to find, in English, much that has, liitlierto, only 
been available in German and in French. This is not meant to lie a book 
for begimiers but “ for students who have already taken an elementary 
course in differential equations.” One must say that some knowledge of 
matrix algebra is also essential for its understanding. 

In the first chapter existence theorems are given and tho conditions for 
linearly independent solutions. The next two chapters give an honest 

account of Heaviside’s operator the well -used D, <5 a:D and other linear 

P 

operators. Chapter IV gives a very clear aocoimt of tho different types of 
singularity and is followed by a discussion of solutions in the neighbourhood 
of regular and apparent singularities. 

The end of this chapter seems to divide the book into two parts although 
the question of singularities leads naturally to a discussion of Riemann’s P 
function. This is a more than usually clear account of this function and 
Mr. Pool© makes a careful study of the identities between its different branches. 
It is consistent with the scheme of the book that the work of Barnes and 
others should be excluded, but we ore given a valuable account of other 
integrals used to express Hypergeometric functions. Tlie chapter on con- 
formal representation is not a first course in this art but an account of some 
special problems allied to the work of the previous chapter. 
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The last three chapters concern Laplace's Linear Equation leading to the 
Confluent Hypergeometric Function and thence to Bessers Equation, Lamp's 
Equation and Mathiew Functions. In this part of the book the reader is 
evidently meant to be familiar with the better-known fimctions ; par- 
ticular, the cj-function appears first in “ the well-known formula ” 


There are numerous examples, many of them with references to original 
papers, and the book is very well prin Uxl. 

C. M. Rigby. 


Differential and Integral Calculus. Vol. II. By R. Cotjeant. [Pp. 

X -{■ 682, with 112 figures.] (London and Glasgow : Blackie & Son, 

Ltd., 1936. 3()». not.) 

This book should bo of value to a wide class of mathematicians. Tho present 
volume is concerned with some of tin? inort^ advanced parts of the Calculus, 
such as applications to fimctions of two or more variables. The author is 
a groat teacher, and his first objixjt is to make tho book readable. His 
method of dealing with a difficult idea is to present it perhaps as many as 
throe times ; first as a plausible idea basod on geometrical intuition, then in 
a formal proof in which, if advisable, certain difficult, though plausible, 
assumptions are made, and finally in an appi^ndix at tho end of tho chapter, 
where the outstanding points are discussed for tho benefit of those who are 
interested. The book is not inUmded for those mathematicians whose main 
object is the lightening of hypotheses or strengthening of conclusions, regard- 
less of tho extent to which they lengthen on complicate proofs. Tho author 
is only concerned with good wholesome sufficient conditions, which turn up 
in practice, and straightforward necessary conditions. Thus, for instance, 
there is no mention of rectifiable curves, but only of sectionally smooth 
curves, t.e. curves given parametrically by functions whose derivatives ore 
continuous in a finite succession of intervals of the parameter. On tho 
other hand the author takes us far enough to give us an interesting intro- 
duction to tho necessary conditions for an extremal in tho Calculus of Varia- 
tions in any number of dimensions. 

It is only possible hero to give a brief synopsis of this vohuno. Ch. I. Pre- 
liminary remarks on Analytical Geometry and Vector Analysis. Ch. II. 
Functions of several variables and their derivatives. Vector methods. 
Ch. III. Implicit functions. Transformations, Families of curves and 
surfaces. Enveloi>es. Maxima and minima. Ch, IV, Multiple integrals. 
Ch. V. Line and surface integrals. Ch. VI. Differential eiiuations. Funda- 
mental equations of Applied Mathematics and Physics. Ch. VII. Calculus 
of Variations. Ch. VIII. Functions of a complex variable. There are also 
copious examples, as well as answers and hints. 

It should be mentioned in conclusion that the standard of accuracy is 
high. The mathematics has been presented with great care. It has been 
well translated from the original German by Prof. J. E. MeShane, and a 
number of improvements and additions have been made. The type is well 
set up and there are very few misprints. The reviewer has confidence in 
recommending this book to mathematicians and also to mathematical 
physicists. 


L* S. B. 
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Elements of Probability. By H. Levy, M.A., D.Sc., F.R.S.E., and 
L. Roth, M.A, [Pp. x -h 200, with 25 figures.] (Oxford : at the 
Clarendon Press ; London : Humphrey Milford, 1936. 15«. net.) 

Some seek to avoid loss, or to obtain gain. Thus have arisen the piucticee 
of insurance and of gambling ; and with those practices came the be3ginning 
of the theory of probability. After an interesting historical introduction, 
the authors proceed to discuss the scope of j)robability. Wliilst rec^ognising 
“ mathematical ” and “ statistical ” probability, and “ probability as a 
branch of logic,” they consider that “ a probability (istimat(\ however it is 
approached, bos to be seen and interj^retf'd as a guide in scuentific procedure.” 

The book can be recommended as giving a good account of the elements 
of Mathematical Probability. Tlie subject is developed from its founda- 
tions, and without the use of mu(di advanc.ed mathematics. Moreover, a 
number of exarn})leM are worked out in the text and others are left as exercises 
for the reader. The examples are, however, mainly concerned with mathe- 
matical probability itself ; and little space is devoted to the application 
of probability to actual statistical or ex]wriniontal data. A good account 
is given of “ The Theory of Arrangements,” but the treatment is not extended 
to include the beginnings of statistical mechanics. The concluding chapters 
deal with the empirical theory of distributions, and the use of probability 
in scientific induction. 

W. N. Bono. 


ASTRONOMY 

The Realm of the NebulaB. By Edwin Hubble. [Pp. xii -f 210, 
with 15 plates and 16 figures.] (London : Oxford University Press, 
1936. 12^. 6d. net.) 

This authoritative account of the extra-galactic nebuleo by the principal 
worker in this branch of astronomy is an expansion of a course of fcJilliman 
lectures delivered at Yale University in 1935. It constitutes the twenty- 
fifth volume published on that foundation, and the scries in many ways 
resembles the older and bettor-known Gifford Lectures of the Scottish 
Universities. 

Only within the last twenty years have the confines of human knowledge 
been extended to the realm of the nebula;, an extension made possible only 
by the successful construction of the 100-inch Hooker telescope and by the 
slcill of Dr. Hubble in its use. In this book he is therefore describing a now 
phase of astronomical research, and, approaching it from the point of view 
of the practical observer, he indicates clearly the stops by which so much 
positive knowledge has been accumulated, as well as the boundaries beyond 
which pure speculation still holds sway. Each criterion of nebular distances, 
necessarily limited in its application, has been used to calibrate another, less 
precise but of greater range. Tlio Cepheid variables, observable only in the 
nine systems which compose the “ local group,” provide the reliable founda- 
tion upon which estimates of all nebular distances are built. For more 
distant systems in which certain giant stars but no Cepheids can be observed, 
the magnitudes of these stars ore utilised on the assumption tliat they are of 
the same order of luminosity as those foimd in members of the local group. 
This method has provided the distances and dimensions of 126 systems. 
Still deeper sounding of space proceeds on the assumption that the average 
intrinsic luminosity of the nebul® is a criterion of their distance, and this 
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method, though naturally * unreliable for individual oaees, is useful when 
considerable numbers are dealt with statistically. Finally, there is the 
Velocity -Distance Relation, which, if the red-shifts in the nebular spectra 
really indicate recession, shows an increase of velocity of 105 miles /sec*; for 
each million light years of distance. When the red-shifts have been meastired, 
the distances, therefore, can be readily calculated, and, even if the velocity 
interpretation of the shifts is abandoncni, and they are ascribed to some as 
yet imknown princjiple of Nature (to which view the author seems to incline), 
their usefulness for estimating distances remains unimpaired. 

An attempt to form a conception of the universe is complicated by the 
large differences in time required for light from the various systems to reeu)h 
the observer. Dr. Hubble leaves his readers witli a picture of many millions 
of nebultc which form an ordered sequence, ranging from globular and ellip- 
soidal figures to a series of unwinding spirals which suggest increasing speed 
of rotation. These systems ore found singly or in groups, but, when averaged 
out, their large-scale distribution is approximately uniform in a sphere 
600 million light-years in radius. 

This may be taken as the contribution of the 100-inch telwcope towards 
the solution of the problem. Few will be so rash as to prophesy what modi- 
fications and extensions will be revealed by tlie 200-inoh reflector now under 
construction. 

R. W. W. 


SEISMOLOGY 

Great Earthquakes. By Charles Davison, Sc.D., F.G.S. (Pp. xii -f 
286, with 12 plates and 97 flgures.] (London : Thomas Murby & Co., 
1936. 17s. 6d. net.) 

A FEW years ago Dr. Davison wrote an authoritative account of the great 
Japanese eartliquake of 1923 and he has now followcxl this up with a com- 
panion volume dealing with eighteen of the greatest earthquakes of the last 
200 years, from the Lisbon earthquake of 1755 to the New Zealand disaster 
of 1931. The shocks were chosen not merely on account of their great 
violence, but chiefly because a large amount of reliable information was 
available for each case. 

Since the development of sensitive seismographs a large amount of seismo- 
logioal investigation has been carried out, from the physical and mathematical 
standpoints, and there is perhaps a tendency to regard the earthquake mainly 
as a source of material for research in the propagation of elastic waves. 
Dr. Davison’s book gives us a timely reminder of the other important aspects 
of soismological investigation — aspects wliich have more diroc^t bearing on 
human eictivity and on surface features of the earth. The author deiils with 
the earthquakes as major events in the history, physiography and geology of 
the regions in which they occurred. Noteworthy phenomena accompanying 
the shocks, such as deformations and dislocations of the earth’s crust, seiches 
and seawaves, are described and much information is given concerning the 
loss of hfe and property, the intensity and nature of the shocks, and the areas 
of disturbance. 

It is of interest to note that although practically all of these great earth- 
quakes were followed by long series of comparatively small after-shocks, in 
only one or two coses were they preceded by any shocks which could be 
regarded as warnings of on approaching calamity. 
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Dr. Davison has done a very iiseful piece of wdTk in collecting together 
a vaat amount of information from extremely scattered sources and his book 
is a notable contribution to the study of earthquakes. 

F. J. S. 

Barthquakes. By Nicholas Hui^teb Heck. (Pp. xii -f 222, with 88 
figures.] (Princeton : Princeton University Press ; London : Hum- 
phrey Milford, 1936. 16tf. net.) 

The author of this book, as Chief of the Division of Terrfvsirial Magnetism and 
Seismology in the United States Coast and Geodetic Survey, has taken a laxge 
part in the development of a highly eflicient seismological organisation, the 
work of which is proving to be of great use, not only in the United States, but 
in many other parts of the world. With the dt^volopinent of incHlem instru- 
ments, rapid advances have taken place in the study of earthquakes and it is 
to satisfy a demand for a x>opular account of modern ideas on the subj(H?t 
that this book has been written. 

The book is intended for the general reader rath(‘r than for the spcxnalist 
and the treatment is entirely non -mathematical. The author has aimed at 
giving a broad picture of seismology in all its aspects and he has succeeded in 
producing an extremely comprehensive account of the subject. In the earlier 
part of the book the causes and effects of earthcjuakes are discussed ; then 
follows an account of the methods, instrumental and non -instrumental, by 
which earthquakes are investigated. It will int/(jrost many readers to know 
how seismic waves are turned to good account by using thorn to obtain infor- 
mation about the earth’s interior ; this method of exploring the depths of 
the earth is very similar to the application of sound-waves and r6tdio-wavee 
in exploring the upper layers of the atmosphere. 

A fairly large part of the book is devoted to a description of the regional 
investigation of earthquakes which is now being carried out in America ; 
the results of this very determined attack on tlie problem promise to be 
extremely useful. Probably the most important chapter, from the practical 
point of view, is that dealing with safe construction in earthquake regions, 
for although no amount of investigation can prevent earthquakes from 
occurring, it can he of much use in showing how danger to life and property 
can be minimised by suitably constructed buildings. 

The book is well illustrated and it can bo recommended to the layman 
as a reliable source of up-to-date information on seismology. 

F. J. S. 

PHYSICS 

Tha Theory of the Propertlee of Meiale and Alloys. By N. F. Mott, 
M.A., F.R.S., and H. Jones, Ph.D. The International Series of 
Monograplis on Physics. fPp. xiv -f 326, with 108 figures.] (Oxford : 
at the Clarendon Press ; London ; Humphrey Milford, 1936. 25e» net.) 

Though Quantum-mechanics was founded only about ten years ago its 
application already extends over wide regions of Physical Science. One of 
the fields whore it has proved very fertile indeed is that opened up by Som- 
merfeld, in 1928, when he considered the motion of the “ free ** electrons in 
a metal on the basis of the new ideas. Sommerfold’s investigations were 
soon extended by other workers, and there has since been little abatement 
in the rate of progress. The result is that a large number of the general 
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properties of metals and alloys, and also many of thoir individual character- 
istios, can now be explained in terms of the fundamental principles of 
Quantum-mechanics. The book in front of us is an account of these 
important developments and achievements of physical theory, by authors 
who are themselves responsible for many of the recent advances. 

The book covers all the effects which have so far been treated by the 
new theory. Contributions which appeared too late to be mentioned in the 
text are referred to in notes at the end of the chapters concerned. The 
requirements of the research worker are thus fully met. The physicist who 
has not specialised in this field need however not seek elsewhere for an intro- 
duction to the subject. He will be able to acquire from this book a general 
understanding of it provided he has a previotis acquaintance with the wave- 
equation of Schr6dinger and with the Fenni -Dirac statistics, such as cam 
be obtained from any elementary text-book on Quantum -mechanics. This 
is so because the authors have everywhere endeavoured to explain, rather 
than to describe, the theory. Whore any a<lvancod theory is required it is 
adequately discussed beforehand. The general reader will particularly be 
helped by the full treatment of the one-dimensional problem which in the 
earlier chapters generally precedes the consideration of the actual problem 
present/ed by a three-dimensional lattice. 

The first chapter is devoted to problems, such os the specific heat and 
equation of staks which can be treated without specific reference to the free 
electrons. The general theory of the free electrons is given in the two chap- 
ters which follow, one of which deals with the nature of the stationary states 
of the electrons, the other with the process of conduction under the action 
of an external electric field (including the absorption and dispersion of radia- 
tion). The detailed theory of the stationary state, taking into account the 
differences between different metals and alloys, is developed in the fourth, 
fifth and sixth chapters, which deal respectively with cohesion, crystal struc- 
ture and the heat capacity and magnetic properties associated with the free 
electrons. The last chapter on electrical resistance is a similar development 
of the general theory of conduction given earlier in the book. 

In the cose of all the phenomena dealt with the relation of theory and 
experiment is fully discussed. This will make the book as invaluable to the 
experimentalist in this field as it will be to the theoretical investigator. 

E. J. W. 


The Physics of Solids and Fluids. By P. P. Ewald, Th. Posenn 
and L. Pbandtl. Authorised translation by J. Dougall, M.A., 
D.Sc., F.R.S.E.. and W. M. Deans, M.A., B.Sc. Second edition. 
(Pp. xiv + 396, with 325 figures.] (London and Glasgow : Blaokie & 
Son, Ltd., 1936. 17s. 6d. net.) 

In 1930, when the first edition of this book was published, the collection in 
one volume of all the principal foots with regard to the physios of both 
solids and fiuids was so acceptable a novelty that criticism of tho maimer 
in which the faiots were presented would have been invidious. Tho public.a- 
tion of the second edition has now afforded the authors an opportunity to 
recast their material, and criticism of the presentation seems no longer out 
of place. 

Unfortunately, the authors have mode little use of their opportunity, 
for the alterations from the first edition represent little more than annotations 

M 
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to the original text. The book contains several passages of outstanding 
value : Pdsolil achieves a masterly summary of the mathematical basis of 
the theory of elasticity : Ewald contributes an excellent review of Bom^s 
theory of the crystal lattice : whilst Prandtl’s section, which constitutes more 
than half the whole work, includes a very valuable account of the flow of 
compressible fluids at velocities exceeding that of sound. This latter section 
is the only major addition to the new edition. 

On the other hand, the high standard set by the best passages serves to 
emphasise the lamentably lower standard of other sections, and it is the lower 
standard whicli predominates. Poschrs remarks on recrystallisation, 
Ewald's sununary dismissal of elastic hysteresis in single crystals and Prandtl’s 
discussion of Borda’s mouthpiece illustrate the authors’ worst styles ; but 
many of the offending possagt^ seem to have suffered in translation and the 
authors have clearly been hampered by exigencies of space. For this reason, 
it is the more suprising that 14 pages sliould have boon wasted on an 
entirely elementary di.scussion of friction. Incidentally, the inclusion of a 
reference to simple mfichines at the end of tiiis chapter may perhaps be 
regarded as a mild joke. 

The chief disappointment of the second edition lies, however, in the com- 
plete lack of co-ordination not only between the contributions of the individual 
authors but also between different passages in the same section. Prandtl, 
for instance, introduces Bernoulli's theorem some pages before he mentions 
the momentum equations and in later sections permits the reader to gain 
the impression that the two theorems are virtually independent. Ewald 
makes one reference to Poschl’s section, but only one, and practically contra- 
dicts Poschl os to the value of “ phenomenological ” (a word the translators 
might have spared us) research. Ewald and P68chl give two independent 
explanations of the conception of stress, neitlier explanation being at all 
adequate to the purpose of the book. 

As a whole the work may be likened to a symphony played by musicians 
of very varying abilities, without the help of a conductor. 

H. L. Cox. 


Principles of Electric and Magnetic Meaeurements. Part I : 

Electricity, by P. Vigoukbux. Part II : Magnetism, by C. E. Wbbb. 
The Student’s Physics, Vol. VII. [Pp. xii >f 392, with 197 figures, 
including 2. plates.] (London and Glasgow : Bleu;kie & Son, Ltd., 
1936. 20/^. net.) 

Although the book under review is undoubtedly of considerable interest to 
physicists in industrial, research or teaching institutions, it may as well be 
emphasised at the outset that from one or two pedagogic points of view it is 
disappointing. For example, the authors themselves static that in order to 
facilitate reading, names are seldom quoted in the text and no references are 
given to the text-books or papers consulted. Tliis to the reviewer’s mind is 
an unfortunate attitude at a time when university and other institutional 
libraries are doing their utmost to enable students and others to consult 
original papers and sources of information. Whether or no certain learned 
societies and workers will bo ple^isod with the authors’ further statement 
that the number of text-books or papers consulted is too great for detailed 
acknowledgments to be made is not the reviewer’s concern. 

Again, one or two sections of the book in which teachers are particularly 
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interested are not well done, and, indeed, could really have been omitted. 
Thus, the chapter on electric charges in electric and magnetic fields with its 
inauiequate accounts of the determination of e/m and of X-rays might eosijly 
have been curtailed, although the section on the cathode ray oscillograph 
in the same chapt<3r is quite lielpful. 

The main interest of the work in the reviewer’s opinion lies in the fact 
that the authors are very much au fait with modern developments in electrical 
raotisurements ; in particular, they have a grasp of alternating ciUTent bridge 
methods and of high frequency technique which enables them to write with 
clearness and conciseness on many important matters which are not always 
fully discussed in the teaching laboratories. In many instances they give 
practical details which are often ignored elsewhere ; e.g. they mention that 
neutral and acid Weston standard colls are used, although the average 
student is unaware tliat there is any difference in the types supplied. 

A few points call for conunent. It is a little unusual to see the permea- 
bility of a material stated in terms of henrys per metre and a dielectric con- 
stant in terms of farads per metro. One would like to see some elaboration 
or proof of the formula given os applicable in the case of the dynamometer 
dev^oloped by Moullin for the measurement of alternating currents of high 
freejuenoy. The discussion of the Wagner earthing device in capacity bridge 
measurements and other bridge arrangements is very good. The descriptions 
of hot-wire instriunents, including the hot-wire oscillograph, are very inter- 
esting. A complete accouid of the determination of the oloctrochomical 
equivalent of silver is given, but, in contrast to tliis, the description of the 
detennination of the ohm in absolute measure might well be amplified. It 
merely remains to state that for some time to come the book will be important 
because of the now instruments, etc., of wliich it gives account — but refer- 
ences are certainly indispensable. 

L. F. B. 


Electronics and Electron Tiibes. By E. D. McArthur. [Pp. vii 4- 
173, with 89 figures.] (New York ; John Wiley & Sons, Inc. ; Lon- 
don : Chapman <& Hail, Ltd., 1936. 12s. 6d. net.) 

This book is based upon a series of articles with the same title published 
in The General Electric Review (of America) a few years ago, and is intended to 
describe “ the fundamental principles which govern the action of all electron 
tubes,” without the use of mathematics. If something more than general 
electron theory is intended and if the term “ electron tube ” is used in its 
widest sense, this is a formidable tewk. We find, however, that the author 
has rather arbitrarily restricted his scope ; for example, he does not mention 
any application of secondary electron emission, such lis the electron multiplier 
— indeed he states on p. 38 that “ secondary emission phenomena are not 
used commercially to any great extent.” Surely most people would prefer 
to have described the Zworykin Iconoscope and Electron Telescope rather 
than the selenium cell or vacuum switch. X-ray tubes, electron microscopes 
and the like are also omitted. 

The first 18 pages are devoted to atomic theory preparatory to Chapter 3, 
which deals brieifiy with methods of electron omission, Schottky effect, etc. 
The account of apace charge effects is particularly good. Chapter 4, entitled 
Two-Electrode Tubes,” includes photoelectric and selenium cells and the 
high-vacuum diode. In connection with the next two chapters (on triodes 
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and other thermionic vacuum tubes) it is perhaps a pity that the characteristic 
curves refer to high-voltage tubes ; the ordinary man i« rnon) used to anode 
voltages of hundreds than thousands. Also, the descriptions of amplifiers 
would be difficult to follow with only the information given in previous chap- 
ters. Chapters 7 and 8, on gas-filled tubes, occupy a comparatively large 
space, but this is justified in view of the increasing importance of these tubes, 
and the author is obviously at home hero. The book ends with very brief 
descriptions of a few special tubes, such as the cathode ray oscillograph, and 
an account of the construction of electron tubes in general. 

At the end of each chapter there is a useful bibliography. The book is 
well printed and bound, while only one misprint has been noticed (in the 
equation on p. 6). Some of the photographs of complete tubes are too small 
to be of much use and may well be replaced by a few good diagrams. The 
book will be of service to those desiring a general introduction to electron 
tube theory. 

F. A. V. 

Wireless Engineering. By L. S. Palmer, D.Sc., Ph.D., F.Inst.P. 
fPp. xii -j- 544, with 353 figures.] (London, New York, Toronto ; 
Longmans, Green & Co., 1936. 2 Is. net.) 

Since its publication in 1927, Prof. Palmer’s Wireless Princijyles and Practice 
has been one of the beat known of the standard text-books on radio engineer- 
ing. The book now under review is a revised edition of the earlier one and, 
although most of the original subject-matter has been retained, the additions 
are so extensive that the change in title is fully justified. 

As one would expect, the author is at his best when dealing with the 
propagation of radio signals, and th(5 recent work on the ionosphere and on 
beam aerial systems is adequat<dy described. 

The chapters dealing with the generation, detection and amplification of 
high-frequency currents are loss satisfactory and, to the present writer, appear 
somewhat unbalanced. Thus 30 pages are devoted to spark, arc and alternator 
methods of generation, while Barkhauson -Kurtz oscillators and the various 
forms of magnetron oscillator receive only 2 pages in all. Again, several 
obsolete detectors are described at some length, while the superheterodyne 
method of reception is dismissed in one page and valves with more than 
four electrodes do not appear to be mentioned. 

These criticisms, however, apply only to a comparatively small portion 
of the book, which, on the whole, ewlmirably fulfils its purpose and provides 
a sound general background for more specialised works. 

C. W. O. 


A Textbook of Physics, for Students of Science and Eng^eering. 

By Charles A. Culver. [Pp. x -f 810, with 625 figures.] (New 

York and London ; Macmillan & Co., Ltd., 1936. lie, net.) 

The book under review is intended to form the basis of a comprehensive 
year’s course in physics for students of science and engineering. A working 
knowledge of trigonometry and a very slight acquaintance with calculus are 
assumed. At the end of most of the chapters a few questions are given for 
the reader to solve. The author believes that in a number of modem physios 
text*books rather too much space has been devoted to the “ new physios.*’ 
He aims primarily at letting the student get a clear grasp of the more classical 
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parta of physios ; but he introduces the newer concepts wherever it appears 
appropriate to do so. 

The author has had considerable teaching experience, and lias written a 
book which is, on the whole, very satisfactory. All the main branches of the 
subject are treated, though the section on Sound is rather brief. Tlie 
standard of difficulty is between that of an English University first-year 
course and the standard required for a pass degree. For instance, the theories 
of the work scale of temperature, of Poiseuillo’s equation and of the bending 
of a beam are omitted, though the equation for the torsion of a wire is given 
in an appendix. Thick lenses and the defects of a lens are discussed slightly ; 
and there are sections on diffraction, alternating currents, electronics, X-rays, 
electro-magnetic waves and radioactivity. An illustration shows Moseley’s 
celebrated photographs of X-ray spectra ; and brief references are made to 
the quantum theory. 

Though the book, taken as a whole, is satisfactory, yet a number of criti- 
cisms might bo made. Some mistakes occur, such as an inooiTect diagram of 
Hare’s apparatus. In dealing with mass and force, both “ absolute ” and 
“ gravitational ” units are discussed, but tho treatment of the latter is by 
no means perfect. In the treatment of mirrors and lenses, a convention of 
signs is used which is not often met with in English school or university 
text -books. When a real image (of a real object) is formed by concave 
mirror or convex lens, all tho distances concerned are taken to be positive. 
Tliifl convention was one of the two (namely Group II, Cose 1 ) recommended 
in the Report on the Teaching of Geometrical Optica, published by the Physical 
Society in 1934. It has the advantage of making the focal lengths of con- 
verging systems positive. The Author, however, leaves the student to insert 
or interpret negative signs by comparing his particular problem with one 
of the two standard instances mentioned above. 

W. N. Bond. 

Elementary Physics : for Medical, First Year University Science 

Students and general use in Schools. By G. Stead, M.A. 

Fifth edition. [Pp. xv -f 560, with 430 figures.] (London : J. & A. 

Churchill, Ltd., 1936. 12«. 8d. net.) 

Many years ago a student told me that ho wished to sit for the Pre-medical 
examination of a certain University. I asked him if ho know anything about 
the syllabus in Physics and his reply was “ No, except that it covers the 
whole of Heat.” Subsequent enquiry showed that the student’s impression 
was that the whole of Heat was limited to the contents of a well-known 
elementary text-book. This Elementary Physics was first published in 1924, 
and has bwn reprinted three times, a fact which shows that the book fulfilled 
a useful purpose. Personally, I did not consider that those earlier editions 
covered sufficient groundwork for medical students in a subject so wide and 
of such importance in its practical applications and its cultural significance. 
In this fifth edition the author has carefully revised the older text and has 
added some one hundred pages of new material. Mr. Stead is to be congratu- 
lated warmly on the clarity of his exposition and on the happy choice of 
subject-matter necessary to make his text-book an adequate guide for a 
student working for an examination on a syllabus covering “ the whole subject 
treated in an elementary manner and with special reference to its applications 
in the subsequent work of the student.” The inclusion of a short account 
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of the more recent developments in Physics is very welcome because of their 
great general interest. I venture to make one or two suggestions for Mr. 
Stead’s consideration. The balance is described as a rigid beam supported 
on a knife-edge ; there should be some indication, in the text or by means 
of a diagram, that these knife-edges are fixed in the botun itself. In the dis- 
cussion of the laws of viscous flow the oxami)le of the delivery of water through 
10 -inch and 12-inch mains is imfortunatc' because, in general, such flows will 
be turbulent. It is good to find a reference to the report of the International 
Committee, 1934, in the definition of the* gramme-calorie, but, having used 
this unit in defining thermal capacity, why not continue- and give sjrjocific 
heat (or tliermal capacitance) in appropriate units ? Some short account of 
continuous-flow electrical calorimetry should find a place in all books of this 
standard. 

J. H. Brinkworth. 

The RenaiBsance of Physics. By Karl K. Darrow, Ph.D. fPp. 
X -f 306, with frontispicxie and 44 figurt>s, including 16 plates.] (New 
York and London : Macmillan & Co., Ltd., 1936. 12^. 6«i. net.) 

The book owes its existence largely to Dr. Darrow liaving boon invited to 
give a course of lectures before the Lowell Institute in Boston ; but he states 
that the scope of the book extends considerably beyond that of the lectures. 

The word “ Renaissance ” ho U8c«i to describe the rapid development of 
physics that htis taken place since the closing years of th(^ nineteenth century. 
It is pleasing to find the present state of physics aptly likened to the state of 
arts and humane letters four hundred years ago ; pleasant to have it pointed 
out that many of the heroes of physics are alive now, and that physics is not 
living entirely on its past. We ouglit not, however, to forget the earlier 
develox^monts in physics ; a considerable amount of important work was 
carried out between the timt« of Faraday and Rontgon. 

In the main, the book deals with discoveries in atomic and sub -atomic 
physics. It is assumed that the reader may be almost, if not quite, ignorant 
of physics. Elementary parts of j)hysics are introduced and explained 
briefly wherever they are necessary to the understanding of the subject. 
There are various consequences of this metliod of treatment. On the one 
hand, it enables the author to deal with old topics in a novel and illuminating 
way. On the other hand, many points have to be treated cursorily ; and 
various references are made to matters which are to bo explained in later 
IX)rtions of the book. 

The half-tone illustrations are good, and together with the line diagrams 
help in explaining a complex subject. It is necessary, however, to have a 
very large set of good illustrations if an experimental subject is to be explained 
clearly to one previously unacquainted with it. The chief defects of the 
book are due to such an ambitious programme being attempted, in one volume, 
without the possibility of accompanying the description with actual experi- 
mental demonstrations. 

W. N. Bond. 

You and the Universe. By Paul Kablson. Translated by Bernard 
MiALii. [Pp. 325, with 166 sketches and 8 plates.] (Lcnidon ; 
George Allen & Unwin, Ltd., 1936. 12s. 6d. net.) 

This book is written by a young physicist of twenty -five, and has the ambitious 
sub-title of Modem Physios for Everybody. His first book was on gliding, 
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and the success of this induced his publishers to press him to write a 
volume which had the original title of Du und Die Natur, In spite of this, 
it must bo said at once that the book is excellent, and that the author has 
succeeded with the help of his illustrator in producing a sprightly, amusing, 
and informative account of the most fascinating portions of modem physics. 
Relativity, quantum theory, neutrons, positrons, probability and indeter- 
minacy — nothing is too abstruse for vivacious and lucid illustration. Only 
when he comes to one of the oldest problems in the world does he fail — 
Achilles and the Tortoise : ho has not realised how many “ problems ” are 
a matter of dolinition. This is a unique book and will interest and entertain 
anyone who is capable of reading. 

G. B. Brown. 

Handbook of Engineering Fundamentale. Edited by Ovid W. Esh- 
BACH. Wiley Engineering Handbook Series, Vol. I. [Pp. xii -f 1082, 
with illustrations.] (New York : John Wiley & Sons, Ine. ; London ; 
Chapman & Hall, Ltd., 1936. 25«. net.) 

The publishers of this book produce a series of handbooks on mechanical 
and electrical engineering and, in order to avoid the overlapping which must 
otherwise exist in such a series, they have collected in the present volume 
the material which is common to all engineering. The bulkiness of the 
specialised volumes is thus decreased with obvious advantages in convenience 
to their users. 

Whether it is quite correct to describe this common material as “ the 
fundamental laws and theories of science winch are basic to engineering 
practices” as the editor does in his preface, is oj)on to argument and will 
depend upon the reader’s definition of the word fundamental. To many, 
the present volume will appear to depart from the strict interpretation of 
the word, perhaps most notably by the inclusion of a section on Contracts. 
However useful this may be, it can hardly be described as fundamental 
science. 

This criticism, however, is somewliat pedantic and does not alter the 
fact that the editor and his forty collaborators liave produced a volume 
which gives in a most useful and handy form a mass of information which 
is constantly required by the engineer, and in doing so they have done valuable 
service to the profession. 

The ground covered is so wide that it is quite impossible in a single review 
to do more than give a general idea of the scope of the book, and this is best 
done by quoting the titles of the fourteen sections into which it is divided. 
These are Mathematical and Physical Tables ; Mathematics ; Physical Units 
and Standards ; Theoretical Mechanics ; Mechanics of Materials ; Mechanics 
of Fluids ; Engineering Thermodynamics ; Electricity and Magnetism ; 
Radiation and Light ; Acoustics and Meteorology ; Chemistry ; Metallic 
Materials ; Non-metallic Materials ; and Contracts. 

The Index, which in a book of this type is all-important, is excellent 
both in its arrangement and completeness. The book is well printed on 
good paper, is of a handy sise and should prove a very useful Edition to 
the library of any engineer. 


A. J. S. P. 
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Gmelin’B Handbuch der anorganischen Chemie. 8. Auflage. Her- 

ausgogeben von der Deutschen Chemischon Gesellschaft. System- 
Nummer 4 : Stickstoff, Liefoning 1-4 ; System -Nummer 56 : Uran 
und Isotope. (Berlin: Vorlag Chemie, G.m.b.H., 1934/36.) Stiokstoff 
[pp. xviii -f- 1060, with 112 figures] RM. 124.90. Uran und Isotope 
[pp. xxviii -f 279, with 4 figures] RM. 34.60. 

The object of this article is to review five of the recently edited issues of 
Omelin'a Handbook. As it is the first time that attention is paid in these 
columns to the appearance of the eighth edition of Omelin, it might 
be appropriate to begin with a brief de8crii)tion of its general character, 
esi>6cially of the points in which it differs from other comprehensive treatises 
on inorganic chemistry. 

Probably every chemist would agree that there are many books on 
organic chemistry, but only one Beilstein. Equally we may claim that, 
in spite of a great number of treatises on inorganic chemistry the standard 
of Ornelin is unique. There is more than a superficial analogy between 
these two outstanding works : both were started as the private enterprise 
of a single man, but are now edited under the supervision of the German 
Chemical Society by a large staff of chemists who devote their full time to 
the work ; both aim at such completeness of material, accuracy of references 
and expert criticism as cannot bo attained by any work on a smaller basis. 

Comparison with Beilstein will make it obvious too that there is hardly 
any competition between Omelin's Handbook and other reference books. 
Wo possess comprehensive modern works on inorganic chemistry in English 
and French. They have, compared with Omelin^ the advantage of com- 
prising all the chemical elements (at least two or throe of them do), and 
of being obtainable at a lower price. The new edition of Ornelin contains 
so far the following elements : the rare gases, hydi’ogen, nitrogen, fluorine, 
chlorine, bromine, iodine, boron, bismuth, lithium, sodium, beryllium, stron- 
tium, barium, radium, zinc, cadmium, germanimn, molybdenum, tungsten, 
uranium and cobalt ; aluminium, iron and potassium are already partly 
published, while rubidium, caesium, magnesium, gallium, indium, the rare 
earths, platinum and a few others are in preparation. The disadvantage 
of the incompleteness of this work is therefore diminishing fairly rapidly — 
in 1943 the whole will be finished — but the price may unfortunately deter 
many individuals and smaller libraries, although there are several degrees 
of r^uction in price for subscribers of the whole work and for members of 
the German Chemical Society. 

However, every chemist who is fortunate enough to have access to a 
library where the new edition of Ornelin is available will probably save 
much time if he makes it a point to consult it and not to rely on other works. 
We should advise every one to make a test himself in a subject in which he 
is specially interested ; he will find in Qmelinx not only a fuller account, 
but also a more accurate presentation than in any other of the manuals 
of inorganic chemistry. Nor will the larger number of references make 
it more difficult for him to find the information wanted. Quite the con- 
trary I While some other authors have simplified their task by quoting 
together a good many references and leaving it to the reader to find out 
which one deals with a sj^eoial point in the text, the enormous wealth of 
literature collected in Ornelin is so carefully correlated to the single 
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items disoussed that in general this feature alone is likely to save the reader 
a great amount of trouble. Closer comparison with other manuals will 
probably convince him ftirther that errors and slips, though, of course, 
not completely absent, are much less numerous than in other well-l^own 
reference books which only too frequently rely on second- or third-hand 
information ; while it is one of the most important points in the organisa- 
tion of the new Omelin edition always to draw from the original sources. 
A glance for instance at tlie paragraph in the beginning of each element, 
on its history — in other works often a dejdorably useless repetition of time- 
lionourc^d inaccuracies, and misprints — will immediately prove that even 
sources difiicult of access have been carefully consulted anew by a member 
of the Omelin staif. 

The great number of forty or fifty competent co-workers enables the 
editor-in-chief — at first Prof. R. I. Meyer, now Dr. E. Piotsch — to entrust 
each chapter to a scientist specialising in the subject. The chapters on 
history, technical preparation, physical properties (especially sj^ectroscopy), 
electro-chemistry, analytical determination and so on, are written by different 
people, and so oven the comparatively small volume on uranium now 
under review is duo to the collaboration of no less than ton contributors. 
However, the final editorship of tlu' material is carried out according to 
strict and well-established rules, and it is much to the credit of the organisa- 
tion that the whole work makes such a uniform impression. To render 
every part of the volumes serviceable immediately they come out of the 
press a preliminaiy index is published at the same time ; and although 
in some respects Omelin can wish for nothing better than to be regarded 
os the “ Beilstein of Inorganic Chemistry ** every one who makes use of 
it will be pleased to sec that, owing to the different character of inorganic 
and of organic systematics, in Omelin it is much easier to find quickly all 
the infonnation wanted. 

After this general characterisation of Omelin" a Handbook we will now 
say a few words about the special treatment of the two elements under 
review to-day. While in the case of uranium a single issue could cope with 
the matter, nitrogen, as one of the most important and most frequently 
studied elements, was edited in four instalments, thus avoiding delay be- 
tween the preparation of the manuscript and its publication. It may be 
mentioned, as a small but helpful detail, that each separate volume gives 
the exact date up to which the literature on the subject has been completely 
incorporated ; so whoever is going to consult the work knows exactly from 
what time onwards he has to supplement it by study of later publications. 
In the fourth nitrogen part, issued in the early summer of 1936, the litera- 
ture up to March 1, 1936, has been ab8tract<^d. 

The nitrogen volume comprises so much that it is hardly advisable to 
select a few topics for discussion, and impossible even to mention all. Its 
richness is perhaps suihoiently well illustratetl if we point out that almost 
40 pages are devoted to the biochemical changes undergone by nitrogen 
in the soil ; not less than 13 pages to atomic transformation of the nitrogen 
nucleus, 26 pages to active nitrogen, 187 to ammonia (the species with heavy 
hydrogen is not overlooked I), and about 360 to the compounds consisting 
of nitrogen and oxygen. 

The uranium volume presents in 280-odd pages a most up-to-date survey 
of this element. Its occurrence in the various continents is very carefully 
described, and a characterisation of all the uranium minerals given. Much 
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of this infonnation has only recently been acquired, thanlcH to the modem 
interest in uranium ores as the raw material for the manufocjture of radium. 
The industrial exploitation of uranium deposits near the Groat Boar Lalce 
in Canada is of too recent a date to be included in the volume ; but it is 
a fine proof of the care devoted to the collection of references that this im- 
portant new development is already foreshadowed by four or five references 
to the pitchblende which was only discovered in this region during the last 
few years. As in all similar oases, the shorter-living isotopes of the element 
are dealt with in the same volume ; the radioactive constants of uraniiim II, 
of actino -uranium, and even of the artificial uranium isotope which can be 
produced from thorium by neutron bombardment, are given in full. The 
volume concludes with a surprise : even the trans-uranium elements are 
described and all the information available vip to now is collected in a table. 
Tney are, of course, not isotopic with uranium, but neither are they with 
any of the 89 elements known to chemists ; therefore if ambitious enough to 
include them in Omelm the editor was certainly right in annexing them 
to the element from which they are produced. 

It may be regretted that the days are over when a single man was able 
so completely to master the whole subject of inorganic chemistry that nobody 
would expect an improvement from team work ; but nowadays any attempt 
by one individual to produce a work of reference of the reliability of the 
new edition of Qmelin would be a hopfdess anachronism. Chemists of the 
whole world must be grateful to the German Chemical Society for having 
put its long experience in literary organisation and publication at the dis- 
posal of the editors of Qmelin^ who, on the other hand, had to bo helped 
financially by Germany’s chemical industry to make possible a work of such 
scope. It is fairly safe to predict that Qmelin will find its place in all well- 
equipped chemical libraries of every country. 

F. A. P. 

A Comprehensive Treatise on Inorganic and Theoretical 
Chemistry. Vol. XV. By J. W. Mellor, D.Sc., F.R.S. [Pp. 
viii + 816, with 423 diagrams.] (London : Longmans, Green & Co., 
1936. 6a». net.) 

The penultimate volume of Dr. Mellor’s work deals with the elements nickel, 
ruthenium, rhodium, palladium, osmium and iridium. The high standard 
of the previous volumes is fully maintained, the treatment is exhaustive 
and there is the usual wealth of references. No chemical library worthy of 
the name can afford to be without Mellor, which is as essential to the industrial 
chemist as to the academic research worker. Of so well-known and highly 
appreciated work thc^re is no more to be said. 

O. L. B. 

S 3 rnth 0 tio Inorganic Chemistry. By A. A. Blanchard, Ph.D., J. W. 
Phelan, S.B., and A. R. Davis, Ph.D, Fifth edition. [Pp. xii -f 385, 
with 25 figures.] (New York ; John Wiley & Sons, Inc. ; London ; 
Chapman & Hall, Ltd., 1936. 16«. net.) 

This book outlines the entire year’s work for both laboratory and class* 
room as given to the large fi^hman class at the Massachusetts Institute of 
Technology. The fact that a fifth edition is called for is sufficient indication 
of its excellence and popularity. In the new edition special new exercises 
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and discnsBionfl have been introduced and those include such topics as the 
determination of vapour density and molecular weight, the standardisation 
of acids and the titration of acids and bases and the use of the pH scale of 
hydrogen ion concentration. The book opens with some useful no^ on 
laboratory manipulation and then in Chapter I the quantitative aspects of 
chemistry are dealt with— combining ratios, densities and so forth. Chapter 
HI deals with the ionic theory. Tlie first part of each of tliese two chapters 
gives directions for experimonts which are performeci by the student and the 
second part of each chapter is devoted to notes discussing the principles 
that the experiments illustrate and also problems for homework. The other 
nine chapters are given to preparations and experiments which reveal the 
properties of tlie various classes of the chemical elements and their compounds. 
An outstanding feature of the course is its elasticity. The mediocre student 
will do the minimum of the set exerewes, but his presence will not handicap 
the competent and enthusiastic worker because to him is open a wide choice 
of other exorcises and preparations. The student who has successfully fol- 
lowed the course' outlined in this book will have d(weloped a valuable technique 
and laid a sound foundation of chemical knowledge. The book should make 
a wide appeal to teachers. 

W. W. 

Tungsten : A Treatise on its Metallurgy, Properties and Applica- 
tions. By Colin J. Smithells, M.C., D.Sc. Second c^lition. 

[Pp. viii -h 272, with 183 figures, including 44 plates.] {London : 

Chaximan & Hall, Ltd., 1930. 25«. net.) 

The author of this excellent treatise on Tungsten is a member of the rasoarch 
staff of the General Electric Co., Ltd., and, since the credit for the develop- 
ment of metallic ductile Tungsten must be given to the electrical industry, 
he is particularly well fitted to write on this subject. Dr. Smithells, whoso 
own contributions to this branch of applitHl science are very considerable, 
describes the various processes necessary for the production of thin filaments 
of a metal which melts at a temperature of well over 3000'^ C. and which cannot 
therefore be cast. Tungsten powder, obtained by reduction of its oxide, 
must of necessity form the starting-point and the subsequent technique used 
is that of “ powder metallurgy,’’ the practice of which is becoming increas- 
ingly im];>ortant in many branches of metallurgical industry. The methods 
used in promoting the growth of single crystals in tungsten wires for use as 
non-sagging lamp filaments are particularly interesting since they form an 
example of the successful commercial application of a teclmique developed 
in the course of fundamental investigations on the properties of matter. 
This book is therefore of the greatest interest to all scientific metallurgists 
and especially to those concerned with the fabrication of metal from powders. 

In this, the second edition, the author, after making some rearrangement 
of the matter contained in the earlier work, has included the contributions 
made to the knowledge of the subject during the past ten years. He has 
also met tlie only criticism which could be put forward of the eadier work 
by handing over the seotions dealing with alloys of Iron and Tungsten and 
Hard Alloys of Tungsten Carbide to Mr. J. H. G. Monypenny and Mr. T, R. 
Bird respectively. As recognised authorities on these particular branches 
of the subject, their scholarly contributions are in keeping with the remainder 
of the book. A notable addition is a chapter on Thermionic Emission by 
Dr, A. L. Keimann. 
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Full references to other published work are made tliroughout the text 
and the book is adequately indexed. In all resjKJcts the production of the 
book maintains the high standard set in the original edition. 

E, A, G. L. 


Industrial Chemical Calculations. By O. A. Houokn, Ph.D., and 
K. M. Watson, Ph.D. Second edition. [Pp. ix -f 487, with 97 
flguroH.] (New York : John Wiley & Sons, Inc. ; London ; Chapman 
& Hall, Ltd., 1936. 22s. M. net.) 

In this very useful book certain important principles of chemistry and physics 
have boeii selected for detailed study, the significance of each principle being 
developed and its applicability and limitations considered. The application 
and combination of these principles are illustrated by detailed solutions of 
typical problems selected to represent, wherever possible, actual conditions 
which are met with in prcictice. In the accompanying calculations, caro is 
taken that the reasoning is logical and apparent, and the authors have spared 
no pains to ensure that their method of presentation is both intelligible and 
authoritative. Moreover, in order to permit of a thorough appreciation of 
fundamental principles and to discourage superficial memorising, the treat- 
ment of each subject commences with a statement of the elementary concepts 
concerned, a method which is well justified even at the risk of duplication 
of some of the material to be foimd in t(^xt-books of physical chemistry, and 
one which should prove extremely valuable to industrial engineers who 
possess a limited knowledge of chemistry. The primary object of the book 
is to supplement the usual course in physical chemistry and to help the 
student intended for industry to bridge over the difficult transition period. 
The authors have mode no attempt, therefore, to discuss the unit operations 
of chemical engineering or the more specialised studies of chemical engineering 
design, which properly belong to advanced courses in this subject. 

During the five years following the first edition, the chemical engineering 
profession has progressed rapidly in the development of quantitative methods 
of treating its problems ; at the same time, those problems liave tended to be- 
come more complex with the increasing application of high temperatures and 
pressures, and in the volume \mder review extensive changes have been made 
in order to keep pace with these requirements. Thus, the thermodynamic 
approach to problems involving non-ideal conditions has been advanced 
to practical utility and it is essential for the chemical engineer to be familiar 
with such methods. This has led to the introduction into the present volume 
of the concepts of entropy, free energy, fugacity and activity, together with 
the applications of these to industrial problems, and to the replacement of 
the kinetic theory approach to the principles of equilibrium by more concise 
thermodynamic methods. In consequence, a complete reorganisation of the 
text has been found necessary, and the first part of the book is now limited 
to treatment of ideal, low-pressure systems in which simple algebraic methods 
can be employed, whereas the second part deals with non-ideal oases by more 
general methods involving considerable use of the calculus. 

A section devoted to conversion units has been added to the first chapter, 
and the use of weight and heat balances has been given more prominence 
in the early chapters than in the previous edition. Throughout the entire 
book emphasis is placed on generalised methods for predicting the missing 
physico-chemical data which hamper almost every industrial problem. Thiis, 
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in Chapter VII new methods are given for estimating the combustion prop- 
erties of petroleum fuels, and in Chapters XI and XIII are to be found 
generalised methods for estimating compressibility factors, fugacitiee, enthal- 
pies and heat capacities in the absence of specific data. Chapter/ VIII, 
which deals with heat and weight balances in combustion processes, has been 
rewritten in a manner consistent with the general rearrangement of the text, 
viz. to start with the most simple cases and to lead from them to the more 
complex. The chapter in the first edition on distillation equilibria has been 
omitted, since the subject matter was considered more appropriate to a text- 
book of chemical engineering proper. 

This book should prove of great value, not only as a preliminary to an 
advanced course in chemical engineering, but equally so to chemists and 
engineers already in industry in enabling them to develop a better appre- 
ciation of the processes which they are called upon to operate and control. 

II. W. Cbembr. 

Miners’ Safety Lamps : Their Construction and C€u*e. By 

T. R, Barnard, B.Hc.Tech., A.M.I.Min.E., M.A.M.E.E. (Pp. xii f 88, 
with frontispiece and 17 figures.] (London : Sir Isatie Pitman & 
Sons, Ltd., 1936. 4fl. net.) 

There is no branch of engineering whore lighting is of greater importance 
than it is in mining engineering. In the mine not only is artificial light 
necessitated by the very conditions, but the special considerations of safety 
also loom large and govern the tioaigns of lamp ; reflection, particularly 
in coal mines, is deplorably low ; and nystagmus is a heavy financial burden 
on the industry — to say nothing of the actual suffering involved. 

The material included in this little book is, in the main, definitely good. 
There is a brief but sound historical introduction : justice is done to the 
work of Whoelor and Woodhoad on flame lamps : electric hand- and cap- 
lamps are treated thoroughly : and the chapters on special lamps and lamp- 
rooms, illumination and photometry are satisfactory, os far as tliey go. As, 
however, abstracts from the Coal Mines General Regulations (Lighting) 
1934 and Mines Department Testing Memorandum No. 1 occupy pages 
VS-Sl and there is in eiddition a bibliography of four pages, it will bo seen 
that the author has attompU^d to compress into seventy pages (some occupied 
entirely with diagrams) an unwieldy amount of material. One is loft with 
the feeling that a broader canvas was really called for. 

There is, no doubt, a certain demand among mining students for a booklet 
on Mine Lamps, and the work under review supplies this need ; but it is 
earnestly to be hoped that sooner or later the proper study of Lighting and 
Illumination (preferably on the lines laid down by Trotter in his original 
work) will be xmdertaken by those who aim at making really useful con- 
tributions towards the improvement of underground lighting conditions. 
The real value of this booklet is that it may whet the appetite for such study, 
and, if so, it will have done good service. There is much looseness and 
ignorance on the port of engineers and scientists (of various ranks) on lighting 
and its problems, and nowhere is careful and serious study more urgent than 
it is among the mining community. The subject is by no means simple. 

The price of the book, 4s., seems high. 


J. W. W. 
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Recent Advancee in General Chemistry. By S. Glasstonb, Ph.D., 
D.Sc,, FJ.C. [Pp. X -f 430, with 25 figures, inchiding 2 plates.] 
(London : J. & A. Churchill, Ltd., 1936. 16«. not.) 

The title of this book rather belies its contents. It is a companion volume 
to the autlior’s Recent Admnc^ in Physical Chemistry, and without exaggera- 
tion might be called Volume II of the latter work. The contents, however, 
cover a wider range from Atomic Disintegi'ation on the one hand to Organic 
Free Radicals on the other. It will therefore appeal to the general reader 
in chemistry thougli the topics are essentially physico-chemical in character. 

Tlie book opens with a chapter on atomic disintegration, the hmtory of 
the discovery of the neutron and the positron finding a place hero. Almost 
half the chapter is rightly devoted to an account of artificial radioactivity, 
for the use of radioaedive indicators in solving purely cluunical problems has 
already begun and promises to become a fruitful field in tlie near future. 
Next follows a chapter on statistical methods in which there is a clear exposi- 
tion of the methods of utilising statistical mechanics along with spectroscopic 
data for the calculation of the entropy of molecules and therefrom the 
equilibrium constants of chemical rt^actions. 

Ortho- and Para-Hydrogen and Deuterium follow naturally in the next 
two chapters. These are both rapidly growing fields of work, but in the 
short compass of 90 pages sufficient is given to indicate how parahydrogon 
and deuterium may bo applied to elucidate chemical problems. Somewliat sur- 
prising but none the loss useful is a chapter on the determination of molecular 
structure by the application of electron diffraction to gose^ and vapours. 
The chapter on Kinetics of Reactions in Solution is likewise thoroughly 
up to date. Even so recently debatfsl a subject as the transition state 
method is given a full discussion. Two chapters, namely Solubility and 
Acid-Base and Salt Catalysis, are transferred from Recent Advaficea in Physical 
Chemistry. Finally, to conclude the book there is a well-balanced chapter 
on Simple Organic Free Radicals, This is a subject upon which a great 
deal has been written recently. Some of the work is unfortunately of 
doubtful validity, and for those not thoroughly conversant with the subject 
difficult to assess at its true value. In such cases Dr. Glasstone carefully 
withholds judgement. 

There is only one criticism. By gathering all the references together at 
the end of the chapter, it is often rather difficult to trace the origin of a 
statement of fact or a table of figures given in the text. Since the book is 
likely to be thumbed by active workers in physical chemistry, a more con- 
venient way of quoting references would expedite the location of original 
papers. 

The arrangement of such a book is largely a matter of personal preference, 
and though some would curtail certain chapters and extend others, it must 
be recognised that taken together these two volumos give an excellent and 
well-balanced outline of modem physical chemistry. It would be unfair, 
therefore, to pick out small points for criticism when such an enormous field 
is covered by one writer. 


H. W, Mklville, 
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Heoent Advances in Phsrsioal Chemistry. By S. Glasstokb, Ph.D. 
D.Sc,, F.I.C. Third edition. [Pp. viii -f 477, with 31 hgures.] 
(London: J. & A. Churchill, Ltd., 1930. 16«. net.) 

That a third edition of this well-known work is called for in so short a ti'me — 
the first edition was published in 1931 — is the best proof of its wide acceptance 
by the chemical public. The new edition also serves to demonstrate how 
quickly the subject extends. Indeed, the extension has been so great that 
Dr. Glasstone has wisely refrained from increasing the size (and price) of his 
book and has instead produced an equally accepttiblo companion volume. 
Recent Advances in General Chemistry, which is reviewed above. 

The main addition is a section in the chapter on the electronic theory of 
valency on the applications of quantum mechanics to chemistry. This is 
essentially non-mathematical in charact(>r, but is not wholly descriptive, 
thus satisfying the rtwior who is more interested in the direct usefulness of 
the methods to chemical problems. Brief descriptions are given of the 
Heitler-London and the orbital methcKls of calculating the energy and 
configuration of molecules. Tliere is also a short and clear exposition of 
the term resonance, about which there has been some misunderstanding 
between chemists and physicists. Each chapter has been brought uj) to 
date, papers appearing a few months before publication of the book assuming 
a rightful place in many of the chapters. The chapter on Acid-Base and 
Salt Catalysis has been transferred to the companion volume to make way 
for additional material. 

H. W. Melville. 

Physical Chemistry. By F. H. MaoDougall, M.A., Ph.D. [Pp. x 
4* 721, with 97 figures.] (Now York and London : Macmillan & Co., 
Ltd., 1936. 17s. net.) 

This volume reflects the changes which have come about in recent years 
in writing introductions to physical chemistry. In the older text-books, 
thermodynamical proofs, the structure of the atom and other topics were 
relegated to a few chapters at the end of the book, to be read after the first 
course in physical chemistry is completed. Nowadays it is necessary to 
incorporate those matters to form a more homogeneous text. The selection 
and arrangement of modern material is an extremely dilTicult task and 
authors’ opinions arc still widely divided. Prof. MacDougall has, however, 
produced a work in which modem physical ideas are blended judiciously 
with the older chemical topics of physical chemistry. The first four chapters 
deal with the first law of thermodynamics, the gas, liquid and solid states 
in the usual manner. Then follow two chapters on the structure of the 
atom in which there are accounts of X-ray and optical spectra, quantum 
theory of radiation, radioactivity, isotopes. Next a return is made to more 
physico-chemical themes, the porachor and dielectric constant finding a 
place here. A chapter on the Second Law of Thermodynamics prepares tho 
student for discussions on solutions, equilibria, electromotive foroe. For 
those students who con digest it, an outline of the Debye-Hiickel theory is 
also included. Finally, there is a chapter on Photochemistry and one on 
Colloids which seem to lie outside the framework of the book and are indeed 
difficult to incorporate in any predetermined scheme. Questions are given 
at the end of each chapter. Answers to the numerical examples would be 
welcome. 
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As a first book in physical chemistry, especially for students who only 
desire a working knowledge of the subject, some sections are rather advanced 
and the teacher will therefore have to exercise some discrimination in directing 
the reading of his students. For those specialising in chemistry, however, 
this book will make for a smooth transition from the introductory text to 
the specialist monograph. ^ mbi,viixb. 

Organic Syntheses. Vol. XVI. John R. Johnson, Editor-in-Chiof. 
[Pp. vi 4- 104, with 3 figures.] (New York : Jolm Wiley & Sons, Inc. ; 
London : Chapman & Hall, Ltd., 1936. 8^. 6d. net.) 

This volume follows the linos of the previous ones. The methods described 
for the preparation of the compounds in the laboratory have been fully 
tested and can bo relied upon to give the yields stated. The compounds of 
which the preparation is given in detail are /1-alanine, 4-aminovoratrole, 
n-butyl nitrite, n-butyl phosphate, diphonylbisazo-l-amino-8-naphthol-2 ; 4- 
disulphonic acid (a salt-free azo-dye), i?ym-dimothylhydrazine di hydrochloride, 
wns 3 pn-dimethylhydrazino hydrochloride, 2 : 6-dimethylpyrroIo, 1 ; 4-diphonyl- 
butadiene, epichlorohydrin, epibromohydrin, eihylphenylmalonate, ethyl 
n-tridecylate, n-hoptoic acid, rt-hexylaldohyde, wonitrosopropiophenone, 
methyl benzyl ketone, mothylhydrazine sulphate, p-nitrobenzyl bromide, 
4-nitroplithaUo acid, 4-nitrophthalimide, polargonic acid, phenanthrene 2- 
and 3-suIphonate8, phthalaldehydo acid, phthalide, quinone, suooinimide, 
tetrahydrofuran, sj/m-trithiane. 

Perhaps attention might be drawn to the possible toxic properties of the 
alkyl hydrazines. A coUoagiae of the reviewer working with these compounds 
a number of years ago exhibited disturbing symptoms in the form of heart 
trouble. The investigation was stopped and the symptoms ceased and have 
not recurred. Though there was no proof they wore due to alkyl hydrazines 
they were sufficiently serious to raise suspicions of the effect of these com- 
pounds, especially in view of the known toxic properties of phenylhydrazino 
to which some individuals show a dangerous susceptibility. 

These volumes are a necessity to the organic rosoorch chemist, and can 
be recommended without reserve owing to the reliability of the methods 
described. O L B 

Outlines of Organic Chemistry. By E. J. Holmyabd, M.A., M.So., 
D.Litt., F.I.C. Second edition. [Pp. xii -f- 468, with 6 plates and 
39 figures.] (London ; Edward Arnold & Co., 1936. 7s. 6d.) 

Even in days when electronic conceptions of valency are accepted it still 
requires initiative to introduce their consideration into a text-book. The 
author has shown his enlightened outlook by including an excellent chapter 
on Valency, developed from oloctronio ideas. He uses the octet cube, didac- 
tically defensible, but warns the omnivorous and uncritical student with the 
statement, ** It is no longer assumed that the electrons are situated at the 
comers of cubes, but Langmuir and Lewis’s theory is still accepted in its 
essentials,’" and then neither leaves the student wondering what those essen- 
tials are, nor, worse still, goes beyond the scope of his book and hopelessly 
** fogs ” iiim with a curt and inadequate ** explanation,” but indicates the 
source of enlightenment— Prof. Sidgwiok’s The Electronic Theory of Valency^ 
which, everyone will agree, has become “a classic of chemistry.” 
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The other chapters on theoiy at the beginning of the book are also exoel- 
l6nt> not only in material but in the interest-oompelling presentation. But 
one cannot help thinking that proper understanding of these chapters is only 
possible after acquisition of the later portions of the book. Several po^iions 
should have been at the end, if not in Appendices, e.gr. the proof of the equiva- 
lence of the 4 hydrogen atoms of methane (pp. 121-4). Again in the very 
up-to-date chapter on Stereoisomerism — the most concise yet clear summary 
available in any text-book — the question arises as to whether it is advisable 
in an attempt to be comprehensive to include work which, without lengthy 
explanation, is incomprehensible to the student, e.g. (p. 95) the brief reference 
to “ Asymmetry may also arise from restricted rotation about a single bond ** 
(formula given, etc.), although neatly put, is, without further explanation, 
only a difficult cross-word puzzle to the conscientious reader. 

The chapters on structure and calculation of formulro are very lucid and 
helpful. The sections on the “ Constitution of the Ethylene Molecule 
(pp. 176-9), and “Structure of the Benzene Molecule’^ (pp. 350-61) ore 
outstanding. 

Technical uses of compounds are given witho\it imnocessary detail, and 
provide the student with incentive to study such compounds. The most 
curious academic curiosity is far less interesting to the average student than 
the least useful industrial application. The inclusion of recent work makes 
the book a very modern one, e.g. the mention of free radicals (p. 108), uses of 
acetylene, preparation and properties of chlorinated hydrocarbons (p. 187), 
sodium methido (p. 55), catalytic methods generally ; and the introduction 
of a little humour in reference to glacial acetic acid (the chemist’s cuckoo) 
(p. 50) and the medicinal use of nitroglycerine (p. 224) reminds us that from 
the springtime of life till arterial sclerosis sets in we are human although 
chemists. 

As in every book there are a few omissions and discrepancies : the 
“ Oven for Carius Tubes “ (p. 40) is crude, e.g. there is no place for a ther- 
mometer ; the description of simple laboratory processes in Chapter II could 
quite well be left to the Practical Text-books ; the formulec for semioarba- 
zones (pp. 276, 384, 386) are wrong ; the catalytic use of V|Oj in the aero- 
oxidation of naphthalene to phthalic anhydride (p. 448) should scarcely have 
been omitted. 

Historical references are mercifully brief. 

Tliis book will delight the teacher and inspire the student. 

S. Hob WOOD Tuckiiie, 

Esaeutial Principles of Organic Chemistry. By C. S. Gibbon, 
O.B.E., M.A., Sc.D., F.R.S. [Pp. viii -f 548, with 38 figures.] (Cam- 
bridge : at the University Press, 1036. 18s. not.) 

Tbaohebb of organic chemistry are always being asked by their students 
what book to use, and they have had misgivings, for some of the text-books 
were first compiled and then padded from one edition to another, and some 
leave imtouohed certain important aspects of this unwieldy branch of chemis- 
try. Prof. Gibson has produced a volume wluch will have considerable 
appeal, and the assimilation of which will give a student a useful grounding 
in the subjeot. Stereochemistry is made to creep in wherever it con, and this 
^ an excellent thing from every point of view. The reader is told where 
interesting compounds come firom and how important ones are manufaotmred. 
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The synthetic methods of organic chemistry are well illustrated by (found 
examples. 

The orientation mle of Crum Brown and Gibson is given its proper per- 
spective and not rejected as it often is. The carbohydrates are very thor- 
oughly dealt with. The historical side of the subject is not made oppressive 
as it sometimes is. 

It is difficult to understand the autlior’s departure from customary 
nomenclature in a few instances, although no doubt p-aminoftcm»?isar8onio 
acid (p. 270) and p^ent/idiozonium chloride (p. 274) arc better names than the 
ones most of us use. Sodium plienato and phenyl iodide should not, however, 
be used for sodium phonoxide and iodobenzene. The last formula for benzene 
given on p. 62 will probably confuse the beginner rather than help him. The 
mechanism given on p. 302 for the Skraup reacition is not that usually accepted, 
and the use of pressure in the Kolbe salicylic acid synthesis should be attri- 
buted to Schmitt. Such minor defec.ts, however, are hardly avoidable in a 
book of this kind, and they will without doubt be correcte<l in the seciond 
edition, for which one can expect a demand as soon as the volume becomes 
known. 

E. E. Ttjbnbb. 

Elementary Practical Chemistry. By A. 1. Voqel, D.Sc., D.I.C., 
F.I.C. [Pp. 220, with 73 figures.] (London and Glasgow : Blackie & 
Son, Ltd., 1036. 3«.) 

This laboratory manual is intended for the use of students who liave no 
previous experience of tlie subject, and it covers the practical work up to 
School Certificate standard. Tlie experiments are interspersed with sufficient 
theory to make the work intelligible, and hence the book is a great improve- 
ment on the “ recipe ** type. It is not designed to take the place of a text- 
book, but rather to avoid the difficulty of personal instruction when largo 
classes are using the laboratory. Many of the experiments described would 
have to be carried out as demonstrations in most schools, but that does not 
detract from its value, for it allows of its use in those institutions where there 
is more opportunity for individual work. 

The book is very comprehensive, containing useful data, logarithmic 
tables, and a chapter on the treatment of accidents. Its outstanding virtue, 
however, is the emphasis it places on simple quantitative work. 

E. D. 


GEOLOGY 

Memoir on Foeeila of the Late Pre-Cambrian (Newer Proterozoic) 
from the Adelaide Series, S. Australia. BySiaT. W. Edgk- 
woRTH David, K.B.E., D.Sc., Sc.D., F.R.S., andE. J. Tillyard, M.A., 
Sc.D., D.Sc., F.R.S, [Pp. xii -f- 122, with 14 plates and 1 figure.] 
(Sydney : Angus & Robertson, Ltd., 1936. 1 $, 6d.) 

Thk Memoir with the above title gives the history of the discovery and 
interpretation of the forms from the Teatree gully queurtzite north of Adelaide. 
Those who had the honour of knowing Prof. David will realise how his un- 
boimded enthusiasm carried all before it. For many years he had been search- 
ing the Adelaide series of Pre-Cambrian rocks for traces of life, which he felt 
sure would eventually turn up in them. 
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Hia vaat field experience must be token into occotmt, and, moreover, he 
states that, *"he has very specially guarded against the danger of mis- 
taking for organic remains purely inorganic concretionary matter.** His 
claim that the forms here described are of organic matter must, therefore, 
receive due consideration, especially as we read on p. 2 that “ no Australian 
scientist . . . who has taken the trouble to study the specimens has any 
doubt whatever as to their being gentiinoly organic.’* 

Unfortunately, this view is not hold by the majority of scientists in this 
country who have seen some of the specimens. 

It is also unfortunate that the photographs of the specimens figured in this 
Memoir are reproduced on a rather coarse half-tone screen, for the evidence to 
be derived from their study alone appears to be insufficient to justify the 
reconstructions given. For instance, the bilateral symmetry, of which much 
is ma<le, is far from obvious on the photographs, and there appears to bo a 
somewhat arbitrary selection of fragments for inclusion as part of the organ- 
ism. There are some pieces wliich are apparently discarded, wliich look just 
as good as others which arc labelled as being definite parts of the organism. 
The photograplis also show small sign of the segmentiition which is represented 
by the labels Aj to A«. 

If, however, wo admit the given reconstructions, then Dr. Tillyord’s 
analysis of the status of the form may be justified, but the gap betwwn the 
photograplis of the specimens and the reconstructions seems so great that 
pala3ontoiogist8 in this country must he permitted to remain sceptical until 
they have seen the material which ai)parently convinces the Australian 
scientists. 

Some may deprecate the publication of this work, but surely it is well that 
the views of the authors should be placed on record, so that future workoi*H 
may be able to know the evidence they relied upon and the conclusions to 
which they came. 

W. B. R. K. 

Rutley's Elements of Mineralogy. By H. H. Read, D.Sc., A.R.C.Sc., 
F.G.S. Twenty-third edition. [Pp. viii -f 490, with 128 figures.] 
(London : Thomas Murby & Co. ; New York : D. v^an Nostrand Co,, 
1936. 8s. net.) 

Prof. Read’s first revision of Rutley’s Elements of Mineralogy formed the 
nineteenth edition published in 1916. With this twenty-third wlition, which 
testifies to the extreme usefulness of the work, the book has been thoroughly 
revised and reset with new illustrations, and Prof. Road has therefor© been 
free to rewrite and rearrange the whole of the subject-matter. In Port I, 
“ Properties of Minerals,” the main changes are that the chapters on Crystallo- 
graphy and Optical Properties of Minerals have been complotely rewritten 
and enlarged, and that a chapter on the Occurrence of Minerals has been 
added, the information in which was formerly given in the glossary. 

In Part II, ” Descriptions of Minerals,” a new grouping of minerals has 
been adopted. A combined economic and chemical classification is used, 
first grouping the minerals according to the useful element contained in 
them, and then arranging the elements according to the Periodic Classifica- 
tion, One result of these changes is a considerable increase in the size of the 
book ; another is an augmentation of its value, especially in the chapters on 
crystallography and optical mineralogy ; and as the metamorphosis nf 
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Rutley into Read is now all but complete, the work has also gained m unity. 
This book still stands alone as the best British work on mineralogy for students 
of geology. 

G. W. T. 


The Geological Map. By Kenneth W. Earle, D.8o.(Lond.). [Pp. 

viii 4* 96, with 41 figures.] (London : Methuen & Co., Ltd., 1936. 
3s. 6d.) 

In spite of its small size, this book is very thorough and omits nothing of 
importance to the ordinary student of geology. The language is simple and, 
though descriptions are condensed, they are usually clear enough for the 
beginner to follow if he takes pains. The sequence of the chapters is a 
nattiral one loading from the simpler to the more complex problems of struc- 
ture. Probably the moat valuable chapter is the last and longest, consisting 
of descriptions of nine representative geological maps, mostly from the 
Geological Survey series, which are models of torse yet searching analyses of 
typical areas. There are many references in earlier chapters to special sheets, 
in illustration of the structures being described therein. The low price does 
not permit of any reproductions of actual geological maps, but this cannot 
be regarded as a defect from the point of view of the real student. 

The author has succeeded in his aim of producing a cheap and handy gtiide 
to the study of geological maps and the reviewer can find no fault with the 
text, except for a few minor errors. It is a great pity, therefore, that the 
illustrations are not of a similar high standard, for it is almost as easy and 
just 08 cheap to produce good diagrams os bad. The block diagram method 
is on ideal one for showing the structures in three dimensions, but they must 
be neatly drawn and must give the effect of perspective. Neither of these 
requirements is really fulfilled in the majority of the block diagrams, imd in 
some cases they obscure rather than elucidate the excellent text descriptions. 
The reviewer regrets that he must make this stricture, but the book is in every 
other way so excellent that he urgently hopes that later editions will amend 
this one real fault. 

F. D. 


BOTANY AND AGRICULTURE 

Diseases and Pests of the Rubber Tree. By Arnold Sharfijecs, 
A.R.C.Sc., D.I.e. [Pp. xviii 4- 480, with frontispiece, 4 coloured 
plates, 70 figures and 1 1 diagrams.] (London : Macmillan & Co., 
Ltd., 1936. 25^. net.) 

The author of this comprehensive and well-illustrated manual is specially 
competent to deal with the diseetses and pests of Hevea brasiUenais. As 
Government Mycologist in the Federated Malay States and, later, as head 
of the pathological division of the Rubber Research Institute of Malaya, 
he has given many years to the study of rubber diseases in the East. 

His claim that all expenditure on pathological work in Malaya has been 
repaid many times over is justified, but there is still much to learn. Many 
of the control measures successfully adopted as each new wave of disease 
assumed importance were based on half-truths ; they can be cheapened 
and made more effective as further knowledge is acquired. This is especially 
evident in the account given of the formidable group of root diseases which 
occupies nearly half the book : a subject which the author and his coUesguea 
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at Kuala Lumpur have made peculiarly their own. The history of the 
effcnrts to control these diseases, from the first crude attempts by trenching 
and liming, is one of tracing them backwards from the dead rubber tree 
to their origin from pre-existing foci of infection in the jtmgle on whose ^Site 
the plantation was established. The identification of these foci and their 
eradication at the earliest practicable moment opens a new path in root 
disease control in permanent croj)s ; but there is still a long way to go. 

The book is discursive and meant for planters to dip into here and there 
when troubles appear. Nevertheless, it will repay careful study by tropical 
plant pathologists. It is marred by errors from careless proof reading wlxich 
should be corrected in any subsequemt reprint. On p. 23, Fig. 8 (d) and 
Fig. 10 should bo Fig. 9 (d) and Fig. 11 . Qandcrtna is printed for Qanoderma 
on p. 26, Hemehia for Hemileia (p. 27), Aacoshyta for Aacochyta (p. 28), 
CicinnobUia for Cicinnobolt/^ (p, 300). But these are minor faults in a book 
which is a worthy companion to the other well-known manuals on tropical 
and sub-tropical agriculture published by the same firm. 

E. J. Butler. 

Filty Years of Field Experiments at the Woburn Experimental 
Station. By Sir E. John Russell, D.Sc., F.R.S., and Dr. J. A. 
VoELCKER, C.I.E., M.A. With a Statistical Report by W. G. Coch- 
ran, B.A. Tlie Rothamsted Monographs on Agricultural Science. 
[Pp. xvii -f 392, with 4 plates and 42 figures.] (London, New York, 
Toronto ; Longmans, Green & Co., 1936. 21a. net.) 

The Woburn Experimental Station was founded jointly by the Duke of 
Bedford and the Royal Agricultural Society in 1876 as the direct outcome 
of the passing of the Agricultural Holdings Act in 1875 whereby the giving 
of compensation to an outgoing tenant for the tmexhausted value of pur- 
chased food was made a subject for arbitration. One of the chief problems 
for investigation was, therefore, to ascertain to what extent the productiveness 
of the soil was infiuenced by the feeding of concentrated foods, such as cake 
or com, to the livestock on the farm. This problem proved to be more 
difficult than had been anticipated and after sixty years of experiment it 
remains uncertain whether any rigid basis of compensation can be drawn up. 
Notwithstanding this, valuable information has been obtained about the 
efifects of soil and climatic conditions on the effects of fertilisers and mamu^es 
on plant growth. Experiments on green manuring to test the value of 
tares and mustard as preparation for wheat lad to the conclusion that no 
beneficial effect was produced on the crop. By the application of modem 
statistical methods to the experimental data much valuable information has 
been extracted. Among the more important conclusions and deductions 
are : (1) The general need for nitrogenous fertiliser whether the soil be light 
or heavy ; (2) the need for lime when sulphate of ammonia is used frequently ; 
(3) the fact that green manuring is by no means a trustworthy practice, but 
is liable to break down badly even on soils where it would be most expected 
to do well ,* and ( 4 ) that serious losses are incurred in using farmyard manure 
and in folding cake on the land. 

The book, which opens with an Introduction by Sir E. J. Russell firom 
which the above summary has been drawn, is divided into 4 parts of which 
the first is by Dr. J. A. Voeloker ; this consists of some 112 pages in which 
the experiments are described ; the second part by Mr. Cochran deals with 
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Statistical examination of the results, while the third part, which describes 
the bearing of the results on agricultural science and practice, is by Sir John 
Russell. Pai*t IV on the soils of the Woburn Plots, by Dr. E. M. Crowther, 
contains valuable data and describes in detail the analytical methods employed 
for the determination of exchangeable calcium, readily soluble phosphoric 
acid, pH values, etc. An appendix of some 40 pages contains a number of 
numerical tables regarding crop yields from the year 1878 and onwards. 
The book contains a great deal of interesting reading and well maintains the 
high standard one is accustomed to expect from the Ilothamsteod Mono- 
graphs under the general editorship of Sir John Russell. 

P. H. 

English Farming, Past and Present. By the Rt. Hon. Lord Ernlb, 
P.C., M.V.O. Fifth edition. Edited by Sir A. D. Hall, K.C.B., 
M.A., F.R.S, fPp. xvi 4- 559.] (London, Now York, Toronto : 
Longmans, Green & Co., 1936. 16«. net.) 

Lord Ernle’s book has been for twenty -five years the standard text on the 
History of English Agriculture and is indispensable to any serious student 
of the subject. Sir Daniel HalPs solution of the difficult problem of revision 
has been to leave the old text substantially unaltered and, in three new 
chapters, to give a complete and down-to-date accoimt of the main develop- 
ments of the post- War period. 

One could indeed have wished for a more complete revision. The first 
chapter of the book, for instance, was scfiucely adequate when it was written, 
for it brings us to a.d. 1300 in the space of 30 pages. Many of the views 
expressed in the chapter are now seriously out of date. The text reads as 
if one might still take seriously the view of Seebohm about the origin of the 
Manor, according to which the manorial farm was the direct descendent of 
the Roman Villa ; whereas, in fact, there is scarcely a single record of the 
finding of early Saxon remains on a Villa site. Again we are given no more 
than a footnote to correct the impression left by the text that the typical 
three-field lay-out of the Midland Village Foim was the standard early form 
of rural organisation tluoughout the whole country. The point is not im- 
important, because an understanding of the early forms of settlement is 
essential to that of the enclosures, and even as a key to the present-day 
lay-out of our villages and fields. 

Sir Daniers own additions to the book are excellent in themselves. There 
is an admirably balanced, accurate and fair accoimt of the highly contro- 
versial subject of land settlement and small-holdings. On the other hand. 
Lord Ernie’s original picture of the form labourer has been allowed to stand, 
and the very substantial rise in his wages and the all-round improvement 
in his status, which have occurred in ,the last twenty years, are ignored. 
There is an excellent chapter on recent developments in the field of Education 
and Research, and the account gains greatly in interest from the fact that 
Sir Daniel Hall was himself largely responsible for the building of the organ- 
isation that he describes. The final chapter on “ Technical Progress since 
the War ** is not only good in itself but helps to correct a fault in the earlier 
editions — ^that they told us perhaps too much about the economic vicissitudes 
of farming and too little about the progress of science and technique. 

The production of the book does scant justice to its distinguished author- 
ship. The type has an antiquated look and is none too easy to read. The 
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page is unattractive and the binding is not calculated to stand up to re- 
reading and continual use for reference. The agricultural student has often 
a scientific rather than an historical bent and takes a little unkindly to 
historical studies. A few goo<l illustrations and a more attractive foni^at 
would make a helpful sugar-coating to his pill. 

J. A. S. W. 


ZOOLOGY 

Neuroembryology : An Experimental Study. By Samuel R. 
Detwilee. fPp. xii ^ 21H. with 107 figures.] (New York and 
London : Macmillan & Co., Ltd., 1936. 16/^. net.) 

In this volume, one of tlie first of the new American Experimental Biology 
Sorias, Prof. Dotwilor has collected the results of experimental investigations 
into the development of the vertebrate nervous system. Few writers are 
as competent as he for such a task, for during the post twenty years ho has 
oontributed forty papers on this subject. In addition to his own work 
dealing with the agents concerned in directing the outgrowth of nerve - 
fibres, the behaviour of grafted limbs, cellular proliferation in the neural 
tube and dorsal root ganglia, and many other problems, Prof. Dotwiler 
deals with the work of other neuroembryologists such os Ross Harrison, 
Coghill, and Weiss, to mention only a few. The result is on invaluable 
manual which no embryologist or neiu'ologist can afford to miss. 

There is a great future for experimental investigations in vertebrate 
embryology, a field in which morphological knowledge is sufficiently advanced 
to enable critical experiments to be devised, performed, and interpreted. 
That such knowledge is essential for profitable experimentation is amply 
illustrated by Prof. Detwiler’s book. There is, however, a small point which 
calls for criticism, It is found that removal of the mesodermal somites 
from an embryo of Amblystoma at the very early tail -bud stage does not 
prevent the formation of a normal limb. From tliis it is concluded that 
“ presiunably in all classes of Vertebrates the limb rnusculatiu’e arises from 
unsegmented mesoderm (p. 161). A study of Selachian embryos would 
soon show tliat this statement is invalid. Besides which, the notion of th(^ 
formation of a limb, with its striated, voluntary muscles, innervated by many 
segmental ventral nerve-roots, from vinsogmented and therefore presumably 
visceral mesoderm, would contradict everything so far known about the 
morphology of vertebrate mesoderm. It is more economical of hyj)othe8es, 
ther^ore, to interpret these experiments by assuming that the contributions 
of the somites to the limbs are very precociously segregated, so that the 
formation of discrete and segmental “ muscle-buds ** is obscured or no longer 
occurs. 

The book is most attractive in every way, and we look forward with 
eagerness to the next volumes of this excellent series. 

G. R. DE Beer. 

Elementary Morphology and Physiology for Medical Students. 

By J. H. WooDOEB, D.Sc. Second edition. [Pp. xii -f 498, with 
266dgures.] (London: Oxford University Press, 1936. 12s.6d.net.) 

A BoasBN years have elapsed since the first edition of Dr. Woodger's book 
which, with its many original illustrations and its novel presentation of the 



SCIENCE PBOORBS8 


184 

subject-matter, is one of the most attractive introductions to animal biology. 
This edition conforms closely to the last, except for tlie terminal chapter 
which the author has rewritten, and which gives an admirable presentation 
of theoretical biology to the beginner. Of all elementary text-books of 
zoology, this one, oast in a mould of consistent logical and conceptual schemes 
with a philosophical background always kept in mind, its attention to strict 
verbal accuracy and lucidity, is surely the most educative and satisfactory. 
The only difficulty which teachers and students may experience will perhaps 
lie with the syllabus to which they may bo working, for Dr. Woodger devotee 
few pages to the higher invertebrates. The small amount of extra informa- 
tion which they might rocpiire could, however, easily be obtained elsewhere, 
while it would be necessary to look far to obtain a better presentation than 
Dr. Woodger’s of the essentials of animal biology for medical students. 

G. R. DB Beer. 


Forest Insects. By R. W. Doane, E. C. van Dyke, W. J. Chamberlin 
and H. E. Burke. American Forestry Series. [Pp. xii -f 463, with 
frontispiece and 234 figures.] (New York and London ; McGraw- 
Hill Publishing Co., Ltd., 1936. 25a, net.) 

The fact that this book has come under review in this country together 
with the statement on the title-page that it is a text-book for the use of 
Students in Forest Schools, Colleges and Universities and for Forest workers 
suggests that it is not written exclusively for Americans. Having first 
examined it with this in mind, I have satisfied myself that, although the 
general principles of control will be useful on this side of the Atlantic, the 
insects referred to and figured in the text are American and, excepting some 
systematic works and a few others, the literature cited in the bibliographies 
is American also. 

This does not mean that the book is useless here, but its uses are limited 
to a much greater extent than, for instance, an English or American Text- 
book of Entomology, whore reference to English or American types is of less 
importance than the rest of the book. 

There are a number of imfamiliar names of genera in the book, such as 
Adelges and Pineua for the old well-known name Vhmnea, Oinara for Lachnua, 
etc. In a book of this type, the authors have to use some system of classi- 
fication for each of the Orders of Insects they discuss and it would have been 
useful if they hod indicated fot each Order whose system they were following. 

Frank Balfour Browne. 

A Monographic RaviBion of the Ganue ** Ceutophilue ” (Orthoptera, 
Gryllacrididaa, Hhaphidophorinee). By T. H. Hubbbll. [Pp. 
652, with 39 plates and 3 figures.] (University of Florida Publication, 
Biological Series, Vol. II, No. 1, 1936. $3.75.) 

The genus CetUopMlua Scudd. belongs to the group Rhaphidophorinas which 
includes wingless insects known in America as cave-crickets and oamel- 
ciiokets. It has been revised by Scudder in 1894, but the necessity of a 
new revision has been felt for some time and this laborious task was aocom- 
pliahed by the author in a most impressive manner. Over 17,000 specimens 
were examined and all known and new species described in great detail, 
not only from the morphological point of view, but also with regard to their 
ecology, bionomics and distribution. A clear and very precise key for 
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identiRoation of each species is given, and numerous excellent figures of 
morphological details should make the determination certain and not dii^ult. 

ITie book represents a masterly monograph of a most difficult group, 
while the concluding chapters dealing with the phylogeny and evolu^onary 
history of OetUophUua deserve the close attention of every biologist interested 
m North American fauna. 

B. P. UvAROV. 

Herdmania. By S. M. Das, D.So. The Indian Zoological Memoirs, No. V. 
[Pp. X 4“ 103, with 64 figures.] (Lucknow : Lucknow Publishing 
House, 1936. Rs. 2.) 

This monograph on the common Indian simple Ascidian is a worthy addition 
to the series edited by Prof. K, N. Bahx, and should bo of great value. The 
Indian series fulfils the function performed in this country by the memoirs 
of the Liverpool Marine Biological Committee, and deserves every encour- 
agement. 

G. R. DE Beer. 

Inheritance and Evolution. By W. F. Wheeler, M.A. With a Fore- 
word by E. B. Ford, M.A., B.Sc. [Pp. xii f 116, with 39 figures.] 
(London ; Methuen & Co., Ltd., 1936. 3/r.) 

This little book will have its uses as a brief and elementary summary of 
some of the modem work in genetics, but it is written almost entirely from 
the zoological point of view. It gives brief statements of such topics as 
Menders Laws, mitosis and gametogenosia (which is not clearly distinguished 
from meiosis), the chromosome hypothesis, mutations, adaptations, Lamarck- 
ism and the neo -Darwinians. For school readers and othera who require 
a brief treatment the book has value, 

A few criticisms may lead to improvements in a later edition. The 
drawing of an ovule (Fig. 1) is unsatisfactory and should bo replaced by one 
in which the colls are correctly drawn. The diagram in Fig. 10 is not very 
illuminating. In Figs. 26-28 the letters used are so much alike that the 
result is obscure. The treatment of mitosis and meiosis is modernised, but 
it con no longer be safely assumed withoxit qualification that chromomeres 
exist as they are commonly figured. 

R. R. G. 

Biological Tima. By Leoomtk du Nofir. [Pp. x 4- 180, with 31 figtures.] 
(London ; Methuen & Co., Ltd., 1986. 7s. 6d. net.) 

PHtLOSOPHEBS have only recently, and with some difficulty, outgrown the 
idea that time essentially consists in a series of particular instants, and, 
since time is measured by the recurrences of certain physical processes such 
as the rotation of the earth, it is still usually thought of as something external 
and given, to which man has to adjust himself. All biological organisms, 
however, are subject to intrinsic sequences of happenings, which might be 
used to define an internal time proper to the organism in question. Lecomte 
du Noiiy draws attention to two such variables, the rate of healing of 
wounds and the growth-promoting properties of the blood plasma, both 
of which change gradually during life and can therefore be used to define 
a “ true ** or phjrsiological age as opposed to the merely physical age measured 
by the rotations of the earth round the sun. There ore, of course, a host of 
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other such gradual changes which could be used similarly, and it may be 
suggested that a “ true ” internal time should refer to all these changes 
together, rather than to one arbitrarily selected one ; a hint of such a 
comprehensive time moasurememt has emerged from a consideration of the 
general chemical changes during the life history (Needham, Nature, 1932, 
vol. 130; Woddington, Nature, 1933, vol. 131), 

After having very clearly, though at groat length, developed the concept 
of physiological time in connerition with his two selected processes, Leoomte 
du Nouy attempts to correlate his physiological time with the introspective 
awareness of the passage of time. He quotes the evidence that awareness 
of the passage of time is modified by temperature changes and may therefore 
depend on rocurront physifio-chamical processes, but he has not attempted 
to determine a time unit in temis of recurrences such as the heart- beat, 
aad a direct equating of the apparent relative rates of the passage of time 
with the rates of cicatrisation at various ages results in some rather uncon- 
vincing curve -fitting. The subject, however, is clearly one of great difficulty 
and at the same time of great intercut and Leoomte du Noiiy’s little book 
will be most valuable if it brings the subject to the notice of a larger number 
of biologists. 

C. H. W. 

The Student’0 Manual of Microscopic Technique : With Instruc- 
tions for Photomicrography. By J. Cabroll Tobias. [Pp. 
xviii + 210, with 79 figures.] (London : Chapman & Hall, Ltd., 1936. 
lOtf. 6d. net.) 

The greater part of this book is devoted to a description of the methods of 
preservation and preparation of material for examination with the micro- 
scope. The subject is dealt with in a clear concise manner, which should 
enable the beginner who follows it carefully to prepare satisfactory slides 
of almost any material. 

The author is a little unfortunate in his choice of relevant subjects. It 
is somewhat surprising to find the student advised to control intensity of 
illumination with the diaphragm, especially after a treatment on resolution 
and numerical aperture, nor is the tilting of the mirror to attain the same 
end a practice to be recommended. 

Some of the methods of distinguishing between diatoms and desmida 
are unusual ; to quote one criterion ; “ Thus an object that may seem to 
be either a diatom or a desmid is not a diatom if it moves slowly, nor is it 
a desmid if it darts around the field like a humming bird ” ; nor, one may 
add, is it a diatom if it adopts the latter tactics. Again, in reference to 
Volvox, the coBnobium is referred to os the “ parent cell,” while the “ sporifio 
inclusions ” are, presumably, daughter coenobia. Later there is on illustra- 
tion of Embryonic seeds in the ovary of Hyacinth,’* while in reference 
to beetles, “ the thorax is extended to fonn the prothorax, which carries two 
pairs of legs, while the thorax carries the anterior pair.” Such statements, 
and there are others of a like nature, seriously detract from the value of 
the work as a student’s manual. 


P. W. J. 
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MEDICINE 

The Principles of Bacteriology and Immimity. By W. W. C. Tojemtt 
M.D., F.R.S., and G. S. Wilson, M.D., D.P.H. Second edition. 
[Pp. xvi + 1645, with 276 figures.] (London : Edward Arnold h Co., 
1936. 608. net.) 

This book was firat published in 1929 and it has since held a deservedly 
popular place among the few text-books available for serious students who 
really want to know about the medical and hygienic aspects of bacteriology 
and who attentl such a course as is given by the authors at the London 
School of Hygiene where they are the professors of bacteriology. It is 
divided into four parts : (1) general bacteriology (242 pages), (2) systematic 
bacteriology (518 pages), (3) infection and resistance (228 pages), and (4) the 
applications of bacteriology to medicine and hygiene (614 pages). Part 2 
is excellent and gives a full account of the pathogenic organisms with slighter 
notices of some of the others which are of particular interest. Part 4 is also 
very good and contains a vast amotmt of learned and interesting information, 
though the section on virus diseases associated with tumour formation is so 
flimsy that it might well have been loft out altogether : perhaps, however, 
we ought not to complain if symptoms of exhaustion begin to appear on 
p. 1537. Part 1 is less satisfying, and intending readers should be warned 
that they will find such matters as the nutrition of bacteria in general and 
their relation to temperature treated in a cursory sort of way. The authors 
insist throughout that bacteriology is an applied science, and it should be 
understood that the contents of the book are qualified by their outlook and 
that medicine and hygiene are their objectives. Part 3 is also unsatisfactory, 
and for some reason the ohaptc^r on the combination between antigen and 
antibody is included in Part 1. It is difficult for anyone who knows 
something about a subject to be sure how any account of it will appeal to a 
blank mind, but I cannot help thinking that a raw student who tackles this 
section will soon be out of his depth and will doubtfully come to the top 
again. Some of the collocations of facts which are at present the elementary 
working tniths about immunology are nowhere really clearly stated, and the 
authors must surely be assuming tliat their readers have some jjreparatory 
knowledge. Thus there is no exposition of the evidence for the theorem 
that antigens are in general proteins from another species of organism : the 
authors plunge straight into the proof (if proof it is) that there are exceptions 
to the rule. We are rlisappoint^, too, in finding no adequate discussion of 
the possibility of selecting races of bacteria and races of hosts either by 
extraneous means or by their interaction with one another, subjects of 
considerable practical importance as well as theoretical interest. As a 
corollary, we notice that the portrait of Charles Darwin which adorned the 
first edition has disappeared, but we do not believe that applied bacteriology 
is any the worse for being treated as far as may bo on a biological basis. 
But, with the proviso that it deals with particulars rather than ** principles 
and that it is suited only to advanced students of a limited aspect of bacteria 
ology, it is a good book and the criticisms we have made show only that it 
reflects the personalities and interests of the authoro as all real boola should 
do. From the reader's point of view I deplore the merging of the two volumes 
of the first edition into one ; the result is monstrously heavy and inconvenient. 
It would be better to have a rather smaller page and three volumes containing 
parts 1 and 3, part 2 and part 4 : with the present tome the spirit is likely 
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to be subject to the flesh. The cross-references, which are abundant, should 
be given to pages instead of chapters which, not being printed in the page 
headings, are hard to And. 

A. E. B. 

Bones : A Study of the Development and Structure of the Verta* 
brate Skeleton. By P. D. F. Mubray, M.A., D.Sc. [Pp, ix + 203, 
with 45 figures, including 8 plates.] (Cambridge : at the University 
Press, 1936. 8a. 6d. net.) 

This book is a clearly written critical survey of the present state of knowledge 
of the widerlying principles that govern the development and structure of 
the vertebrate skeleton and is confined mainly to a consideration of the limb 
skeleton. 

The author in his first chapter discusses the factors responsible for the 
origin and growth of the axial skeleton in the limb bud, and concludes from 
experimental evidence that the formation and general characters of the pre- 
natal limb skeleton are due to internal factors inherent in part of the still 
undifferentiated mesenchyme of the bud and that external factors ore of 
little, if of any, account. 

The replacement of the original cartilaginous model by bone (Chapter 11) 
is at first based on the form and structure of the pre-existing cartilage ; only 
when marked activity sots in after birth do external factors come predomin- 
antly into play and form the chief agents in moulding the form and architec- 
ture of the bone characteristic of the adult. 

Consideration of the development of the normal structure of the skeleton 
leads (Chapter 111) to a discussion of the fimctional changes in the form of 
bones induced by the application of special external factors. Such, for 
example, as torsion due to special muscle traction, flattening due to constant 
muscle pressure, increase in bulk after removal of on© of tli© bones of the 
forearm, extensive deformation of the whole limb skeleton after dislocation 
of the carpus. 

The fourth chapter discusses the various theories that have been put for- 
ward to account for the internal architecture of the adult long bones. The 
old “ trajectory ” theory by which the bone trabeouke are supposed to repre- 
sent materialised lines of force, though probably true up to a point, is shown 
by recent observations to be inadequate ; at present no wholly satisfactory 
explanation is forthcoming. 

These four chapters, which form the main substance of the book, are 
followed by an accoimt of the architecture and physical properties of cartilage 
(Chapter V) and by a discussion of the possible nature of the factors that 
initiate osteogenesis and control the deposition and absorption of bone 
(Chapter VI). 

This brief summary can only give on indication of the scope of this excel- 
lent and useful little book ; the chief value of the book depends on the full 
critical analysis of the researches upon which present knowledge of bone 
growth is b^d. 


R. H. Bubn*. 
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Absorption from the Intestine. By F. VbbzAb, asBiated by E. J. 
MoDouQiUj:^, Ph.D. Monographs on Physiology. [Pp. xii + 291, 
with 70 figures, including 6 black and white and 6 oolotirod plates.] 
(London, New York, Toronto : Longmans, Green & Co., 1^36. 
21$. net.) 

This book is a worthy and welcome addition to the series of monographs on 
Physiology now edited by Prof. Lovatt Evans. Absorption as a subject of 
research attracted very little attention from the close of the last century imtil 
a revival of interest set in about ton years ago ; but in spite of many recent 
advances and of the scientific and practical importance of the subject it is 
still far from popular. The book has accordingly appeared at a particularly 
opportune time thanks to the editor of the series os well os to the author. 

Prof. Verzdr is one of the most energetic investigators in this field and 
his enthusiasm lias inspired bands of yoimger colleagues in the Universities 
of Basle and Debreczen with whose assistance lie has made many important 
contributions to the subject, especially concerning the absorption of carbo- 
hydrates and fats and the r61o of the intestinal villi. While it would be untrue 
to say that the author has not mode a very impartial appraisal of the work 
of others, it is only to be expected that his conceptions should be dominated 
by the numerous researches he has conducted or inspirecl. His several 
interesting conclusions bear the imprint of clear thinking and careful experi- 
mentation, and, although they carry conviction on the wliolo, one has the 
feeling tliat the phenomena of absorption may bo more complicated than 
his syntheses indicate. His conclusions that the pumping of the villi is an 
imixirtant factor in fat absorption and that combination of phosphate with 
glucose, galactose and fatty acid (phosphorylation, which depends on the 
adrenal cortical hormone) in the intestinal mucosa plays an essential part 
in the absorption of carbohydrates and fats are supported by much evidence 
from many sources. But his contention that glucose is absorbed at a constant 
rate, irrespective of concentration, does not appear to conform to all the 
facts. 

The old controversy about the form in which fats are absorbed would 
seem to be settled, mainly by VerzAr’s work, more in favour of pfliiger than 
his opponents, and there can be little doubt that the passage of the fatty 
acids into the epithelium depends on the hydrotropio action of the bile acids. 
The establishment of this fact is a very important addition to general physi- 
ology and the principle has probably many other biological applications. A 
section on the pathology of fat absorption will appeal to olinioians, and the 
excellent chapters on the anatomy of the intestines and on methods of 
research will be appreciated by students of the subject. The difficult problems 
involved in the absorption of water have been adequately dealt with, but the 
two chapters on the inorganic elements, especially the section on iron, are 
incomplete. 

The previously intensive research on absorption fizzled out at the begin- 
ning of the century in a number of futile polemical papers on the respective 
merits of the mechanistic and vitalistic conceptions of the process. VerzAr 
has attempted to revive the controversy by arguing against vital forces. 
However, his views do not seem to harmonise completely with those of the 
older thorough^going mechanists ; for, in rightly insisting on the necessity of 
experiments on intact animals for establishing facts of physiological signifi- 
cance, he testifies to his belief in the existence of forces in living animals 
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which are not present in isolated tissues, much less in dead animals. It 
seems to the reviewer that discussions on matters of this sort are nlore appro- 
priate to a work on philosophy them to one on experimental science. 

The book is well produced, adequately illustraterl and concisely and clearly 
written, notwithstanding frequent lapses into phraseology of a German 
flavour. To appraise the literature, about 1,300 papers, and to record the 
trend of recent researches on the subject within the space of 257 pages is on 
achievement for which the author and his assistant author (Dr. McDougall) 
are to be congratulated. 

H. E. M. 

Food and the Principles of Dietetics. By Robert Hutchison, M.D., 
LL.D., F.R.C.P., and V. H. Mottram, M.A. Eighth edition. [Pp. 
xxviii -f 634, with 32 figures.] (London : Edward Arnold & Co., 
1936. 218, net.) 

Frequent demand for new editions and reprints testifies to the high esteem 
in which this book has been held. As first conceived thirty years ago, 
Dr. Robert Hutchison’s text-book was a pioneer effort to ally the young 
science of nutrition with practical dietetics, a branch of medicine much 
neglected. In later editions Prof. V. H. Mottram collaborated. An added 
feature in the eighth edition is a survey of the history of dietetics showing 
that this subject was a jumble of absurd beliefs and fallocitw? until it was put 
on a scientific basis. Rather astonishing is the authors’ omission to do homage 
to Dr. James Lind, Dr. William Cadogan, Sir Gilbert Plane and other shrewd 
men, who in the eighteenth century had a foresight in nutritional matters for 
in advance of their time. 

In the last oenttiry the labours of physiologists modified the theory and 
practice of dietetics, particularly in rt^lation to the quantity of food required 
as expressed in terms of energy value. In the twentieth century, discovery 
of vitamins and urgent need to solve difficulties in feeding armies and civilian 
populations in war and in slump abnormally accelerated research in nutrition 
and shifted the focus of interest to the qualitative nature of foodstuffs. 

There is now on accumulation of scientific data, and their application in 
the nutritional problems of daily life is hindered by affectionate clinging to 
old habits and traditions — a tendency visible in this timeworn book. It is 
doubtful if a text-book on dietetics dating from 1900 could by any process of 
revision be made valid to-day. Tliis book no longer lives. It is a patchwork 
of old and new materials which lack cohesion. By omissions here and over- 
emphasis there, a distorted perspective is created. There is no proper sense 
of proportion. Three chapters (57 pages in all) are devoted to alcoholic 
beverages ; 25 pages to tea, coffee and cocoa ; 19 to soups and meat extracts ; 
13 to mineral waters ; while the intricate subject of vitamins is segregated 
within a small sub-section of less than 1 1 pages. Tlie authors still refer to 
vitamins as elusive, although their chemical constitution is known and they 
are measurable by standards of International Units. We find no tables of 
vitamin values, either in terms of imits or in weights of common foodstufis. 
No figures are given for man’s daily vitamin requirements in those cases in 
which they can now be estimated. Vaguely and with misleading optimism 
the authors assume that the average diet contains enough vitamin Bj and 
ridicule as faddiste those who stress the need for a calculated supply as opposed 
to guesswork. 
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It ifl with relief that we turn to the long-established faots of the section on 
digestion. A perusal of this may re-assure those who have recently lost faith 
in the kindly Providence that decreed protein and starch should oocrur 
together in many natural foodstuffs and endowed us with digestive organs 
designed to deal with the mixture. May they be encouraged to laugh at the 
American craze which would deny us bread with cheese, or toast with egg, 
strip the pie crust from steak and kidney, and rob roast beef of Yorkshire 
pudding. 

R. H. A. P. 

Nutritional Factors in Disease. By W. R. Fkakon, M.B., Sc.D., 
F.I.C. Monographs of Medical and Surgical Science. [Pp. xiv -f 141.] 
(London : William Heineniann (Medical Books) Ltd., 1936. le, 6(i. 
not.) 

This essay now published in book fonn was awarded the Buckston-Browno 
prize for 1035 by the Harveian Society of London. Perhaps an equally apt 
title would be “ Nutrition and Health. It is an account of the balancing of 
two opposing activities, one intrinsic in tissues and organs making for deple- 
tion and the other the activity of the organism making for nutritional enrich- 
ment. In effect this essay is a concentrated digest of the present-day know- 
ledge of biochemistry applied to the human body. To include in about 120 
pages a r^um<^ of this wide and important subject, involving a bibliography 
of 268 references, has meant a degree of compression upproiiching a catalogue 
nature, which does not go with easy reading. 

Five chief sections are consi{lerod : (1) The nature of nutrition including 
foodstuffs and dietary standards ; (2) The nutritional factors of health and 
disease including the action of Carbohydrates, Proteins, Lipids ; (3) Inorganic 
foodstuffs, water and alkali metals ; (4) the inorganic micro -constituents of 
food, iron, copper, iodine, etc. ; (5) organic micro constituents, Vitamins. 
Each part is full of great interest, but it is difficult to say to what class of 
reader the book will appeal. For the average medical practitioner it is too 
specialised except as a book of reference ; for the biochemist it is too genera- 
lised ; to the medical officer of health and especially to the medically trained 
social worker it should perliaps bo a helpful guide. 

P. J. 


The Improvement of Sight by Natural Methods. By C. 8. Pbick, 
M.B.E. Second edition. [Pp. xii -f 240, with 30 figurtjs.] (London : 
Chapman & Hall, Ltd., 1936. 6s. net.) 

Thk fact that this book has reached a second edition after two years indicates 
that it has made a wide appeal, and, in so far as this indicates a healthy 
reaction (which should not be pushed to extremes) against the indiscriminate 
ordering of glasses, this is all to the good. Witli some of the subject-matter 
not all would agree, but there is food for thought in many of its pages. 

This edition is enlcurged by some seven pages, and includes several new 
diagrams. One minor point, which might well be altered in any subsequent 
edition, is the author’s assessment of the value of treatment of detached retina, 
which is baaed on out-of-date knowledge. Modern operative measures now 
give 40 per cent, or even 60 per cent, of cures in recent oases, which entirely 
^teis the outlook in this affection. 


M. L. H. 
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Laboratory Experiments in Pbysiologioal Chemistry. By A. K. 

Akbebson, Ph.D. [Pp. vi -f 224 with 20 figures,] (New York : 

John Wiley & Sons, Inc, ; London : Chapman <k Hall, Ltd., 1936. 

7a. Bd. net.) 

In spite of its relatively recent development, the science of Biochemistry has 
already proved itself to bo of great importance in many different branches of 
study, and in numerous fields of practical activity. About a year ago 
Prof. Anderson published a text-book primarily intended for students of 
hygiene and nutrition. The present volume provides a short laboratory 
course “ ‘intended to last one term of about six hours per week — ^for the same 
type of student. It is assumed that the worker has had practically no 
previous knowledge of chemical methods. Thus tho course begins with 
practice in tho use of tho balance, and in tho methods of volumetric analysis. 
Obviously, such a course is not an easy ono to draw up, for, in the effort to 
make it sufficiently inclusive, there is a very real risk of giving the appearance 
of superficiality. Many readers will probably conclude that Prof. Anderson 
has not been altogether successful in avoiding this difficulty. A feature of 
the book is the inclusion, at tho end of each section, of a number of questions 
— most of them very simple ones — on tho experiments which the student 
will have just carried out, and on the theoretical issues involved. Over the 
greater part of the book tho alternate pages have been left blank. This is 
doubtless a convenient device, but it is perhaps appropriate in a review to 
remark on ono incidental result. As the blank pages are included in the page 
numbering, tho actual number of printed pages is 128 and not 224 as might 
be inferred from tho heading above. 

W. O. K, 


PHILOSOPHY AND HISTORY OF SCIENCE 

Growth of the Mind in Relation to Culture. By C. LijasEK. 
Translated from the Danish by Agnete Kortsen. [Pp. 143.] 
(Copenhagen : Levin & Munksgaard ; London : Willianos & Norgate, 
Ltd., 1936. Kr.0.60.) 

The Growth of the Mind in Relation to Culture constitutes an attempt to 
evaluate the cultural interests of human life from the point of view of an 
idealistic philosophy. It might, not inappropriately perhaps, be described 
as a programme of progress, built up upon the lowest, and most material, 
basis of bodily comfort, ease and security of living, increased self-confidence 
and similar benefits that our forefathers understood, judged to be worth 
while, and incorporated into their earliest appreciated values of riches, power 
and glory. Because in many ways, and for most people and governments, 
the idea of culture still remains attached to these primitive values which, 
while they may form a foimdation for its support, do not of themselves make 
for progress, the purpose of the essay is to show that advance in culture is 
only possible throiigh liberation and ciiltivation of the mind, and that this 
can only be secured by vitalisation, mental activity and coherence, inde- 
pendence, and the working out of a reliable life order. “ The sole aim of 
oultxire must ... be to provide conditions which will in future give greater 
value to conscious life.*’ This doctrine, as developed in the Growth of the 
Mind, is an indictment of materialism as a social, moral and cultural principle ; 
and ^e indictment is vigorously pressed home in the last Chapter of the book 
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on Man of To-day in which a most pessimistic piotxire is presented of the 
scepticism, insecurity and superficiality of contemporary society. For the 
ordinary man to-day the great pulsing world, of which ho has picked up a 
number of hasty glimpses, is . . . only a chaotic mass without order or 
meaning. In this chaos his own personality is lost. There is no room for 
the development of his own inner life.** What is the remedy suggested for 
so deplorable a state of affairs ? Tlie cultivation of the one thing needful, 
upon which all values depend : inner dynamic coherence in mental life. 
** On the day when our descendants can hand down to their children on 
understanding of life, which is equal to the knowledge we now possess of the 
dynamics of the material world — on that day the tragedy of culture on this 
earth will be over.” There are many misprints in this book (it was printed 
in Denmark) and some incorrectly rendered words. It also lacks an Index. 

F. A. 


Biology and the New Phyeice : A Plea for a Consistent Philosophy 
of Life. By C. J. Bond, C.M.G., F.R.C.S., F.L.S. [Pp. 67.] 
(London ; H. K. Lewis & Co., Ltd., 1936. Cloth, 28. 6d. net ; paper 
covers, Is. 6d, net.) 

The author in a short book wishes to draw the attention of the public to 
the need for a revaluation and a reconsideration of the position of biology 
in the light of the new concepts introduced by modern physics and in particular 
the “ uncertainty principle.” As he very rightly remarks in his introduction, 
“ civilised man is to-day being called uf)on to exercise increasing control 
over human evolution, and he must be equipped with scientific knowledge, 
and a soimd Philosophy of Life if he is to carry out this great task success- 
fully.** He does not claim to give such a revaluation in so short a space, 
but merely to indicate how it might be done. Two of the seven chapters 
are devoted to statements on the new physics, and the remainder of the 
book to biological considerations. It cannot be said that he succeeds to 
any marked extant. He quotes from many sources and shows that there is 
considerable disagreement among the authorities concerning the implica- 
tions of their work. He does not state precisely and unequivocally which 
he believes to be valid and why, nor does he provide clear alternatives. 

Mr. Bond has read very widely, but he is apparently iinaware of the 
quite extensive contributions to this subject that ore being made by the 
school of philosophy known as Dialectical Materialism.** It may be 
argued that the size of his book precluded such an examination, but it could 
have been done at the expense of some of the other less relevant oonaiderations. 

C. G. 


Prelude to Chemietry : An Outline of Alchemy, ite Literature and 
Relationehipe. By J. Read, Ph.D., M.A., Sc.D., F.R.S. [Pp. xxiv 
+ 328, with 64 plates and 17 figures.] (London : G. Bell A Sons, 
Ltd., 1936. 12«. 6d. net.) 

Pbof. Exiad has put together a series of chapters on the history and meaning 
of alchemy which are equally fascinating and scholarly. From the beginnings 
in China and Egypt, he traces the progress of alchemy through the Saracen 
^tres of learning to its appearance in Europe in the twelfth century, and 
its further development until the seventeenth centiuy. A description of its 
strange doctrines and its curious literature, a glance at the lives and person- 

o 
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alities of its devotees, and a sympathetic attempt to elucidate the inner 
meaning of some of its mysteries, all make up a study of alchemy which 
can be recwl with keen interest both by the specialist and by the ordinary 
reader without detailed knowledge of Chemistry. There are excellent biblio- 
graphies, and the illustrations, over a hundred in number and including a 
splendid coloured frontispiece, add to the value and attractiveness of the 
book. As the cover of the book announces, the reader is led through exhibits 
of mythology, magic, astrology, gold-making, music, art and romance. If 
he con find nothing of interest in those he must be dull indeed. 

J. R. P. 

Historical Introduction to Chemistry. By T. M. Lowby, C.B.E., 
M.A., D.Sc., F.R.S. [Pp. XV -f 581, with 67 figures.] (London : 
Macmillan & Co., Ltd., 1936. lO^. 6d. net.) 

The late Prof. Lowry’s valuable historical work, now in its third impression 
twenty-one years after its first appearance, continues to serv’^e that useful 
purpose for which it was originally written, namely, “ to present on historical 
account of the more important facts and theories of chemistry, as these 
disclosed themselves to the original workers in this branch of science,” with 
which end in view “ no attempt has l^een made to write a formal History of 
Chemistry.” Its accurate and detailed references to the original literature 
of chemistry continue to bo a most valuable feature of the book. In this 
reimpression opportunity has been taken to make some slight changes in 
the text, but a more important change has been made in the chapter on 
“ The Classification of the Elements ” by the inclusion of Mondel^ff’s 
Periodic Table as published in Liebig's Anyialen in 1871. 

In the “ Biographical Index,” the entry on p. 656 under ” Macquer ” 
should read “ 116 ” ,* the date of Monge’s experiments (p. 657) should read 
“ 1788 ” ; and the last entry on p. 659 under ” Priestley ” for the year 
1776 should read 166.” 

D. MoKib. 

MISCELLANEOUS 

Glamorgan County History. Vol. I : Natural History. Edited by 
Prof. W. M. Tattebsall. [Pp. xx -(- 444, with 40 plates, 27 figures 
and 4 maps.] (Cardiff: William Lewis (Printers), Ltd., for the 
Committee, 1936. 26s. net.) 

Undeb the Editorial board elected in 1931 a scheme for a Glamorgan History 
in six volumes was projected, of which the present work is the first fruits, 
and it is no mere formality to say that the conunitteo are to be congratulated 
upon the result produced, with the help of over 180 subscribers, at a price 
so moderate, having regard to the size of the volume and its excellent 
production. 

After a general survey of the topography of the area by Prof. Trueman, 
the same atithor, in collaboration with Prof. Fox, gives an account of the 
interesting geological history of the area, which is continued by Dr. North. 
The great earth movements which occurred in late Carboniferous times 
determined the main structure of the Devonian carboniferous rocks that are 
most prominent at the surface of the county to-day. Earth movements 
too have produced the mteresting pre-glacial raised beaches of the Gower 
Penixisula, and this rise of land in respect to the sea produced coastal plains 
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bearing oak-hazel forests that, owing to subsequent post-glacial changes of 
level, gave rise to the submerged forest of the Bristol Channel, Those changes 
in level and the various phenomena of erosion and accretion furnish a useful 
introduction for the subsequent matter. 

Mr. S. W. Ryder treats of the meteorological conditions, which show a 
wide range of rainfall from 35 inches in the coastal area to over 90 inches 
in the liills, seasonally distribut<Hl, with April, May and June as the driest 
months, throughout th(^ area. Prof. Robinson and Mr. Hughes follf)w with 
a description of the soils, of a rather technical character that will leave the 
reader with many questions unanswered. The flowering plants of the area 
are described by Miss Vachell ; they include a large number of interesting 
species amongst which we may namtion Sorbus pnrrigenSf Draha aizoides v. 
nmritiniat Aconituni angliximn, Cirsium tuberosum and Rumex nipesiis. A 
list of the mosses and hepatics is given by Mr. Knight and includes several 
rare specie's. Mr. Wade and Dr. Watson give a list of 324 species of Lichens, 
and Mr. Kenneth Roes furnishes a list of marine alga^ 

Amongst the fresh water alga^ of Glamc:>rgan listed by Mr. Harris a 
particularly interesting occurrence is that of Cyclonexis annularis, a member 
of the Chrysophyceae, which has hitherto only boon rf'cordcnl on a single 
occasion from Germany, North America and Lapworth in Warwickshire. 

The Higher Fungi are dealt with by Miss Wakefield, the Phycomycotes 
by Dr. Ivinoy-Cook, and Mycetoza by Miss Lister. There follow accoimts 
of the troi^s and shrubs by Mr. Hyde, of crop plants aiul their diseases by 
Mr. Rees and notes on the e(?ology of the vegetation by Ih’of. MacLoan. 

The Zoological section occupies rather less than half the book and is 
contributed by Colin Mathoson, Messrs. Ingram and Salmon (Oniithology) ; 
Reptiles and Amphibians arc dtmlt with by Mr. Loveridgo ; Fishes by Mr. 
Salmon ; The Insects by Mr. Hallett and Mr. Thompson ; The Aroclmida, 
numbering 191 species, by Mr. Jackson ; and the non -marine mollusca, 
treated on a habitat basis, by Mr. Dean. Mr. Thompson adds an account 
of the lymnsBidflB afffXJtod by parasitic trematodes, and Mr. Harris deals with 
the Rotifers. 

It need scarcely be said that with such a diversity of voluntary con- 
tributors the treatment is somewhat unequal and varied in its approach. 
This has certain advantages but here carries with it the defect that the 
contributions bear little relation to on© another. Taken as a whole, the 
work is a notable contribution to the Natural History of Local Areas and 
it is to b© hoped that later volumes will maintain the standard sot by Prof. 
Tattersall, E J S 

Scientific Pro§prees. Sir Halley Stewart Lectures, 1935. [Pp. 210, with 
31 figures, including 4 plates.] (London : Georg© Allen & Unwin, 
Ltd., 1936. la, 6d. net.) 

8m Jambs Jeans starts off these lectures with an essay on Man and the 
Universe in which ho returns to his thesis that the fundamental questions 
con only be answered by the mathematician, and asserts his belief that 
Eddington*s calculations concerning the ratio of the mosses of the proton 
and electron are correct to as many decimal points as we please. Sir William 
Bragg follows with a fascinating account of The Progress of Physical Sdmee 
in which he is chiefly concerned with the advance in knowledge of atomic 
structure. The Electricity in the Atmosphere is the subject taken by Prof. 
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E. V. Appleton and of several interesting problems discussed is that of the 
earth’s negative charge. He favours Wilson’s theory that the thunderstorms 
in the Dutch Eewt Indies, South Africa and South America are chiefly 
responsible for providing the thousand amperes necessary for maintaining 
the surface cliarge. 

Advances in medicine are described in a very interesting lecture illustrated 
by statistical graphs entitled Progress in Medical Science , by Prof. Mellanby. 
Prof. J. B. S. Haldane disposes of many popular misconcaptions with regard 
to heredity in Human Genetics and Human Ideals. Prof. Julian Huxley 
concludes tliese lectures with a defence of science entitled Sctetice and its 
Relation to Social Needs. 

G. B. Bbown. 

Stone Age Africa : an Outline of Prehistory in Africa. By 

L. S. B. Leakey. [Pp. xii + 218, with 14 plates, 2 folding plates 
and 28 figures,] (London : Oxford University Press, 1936. Is. fid. 
net.] 

Db. Leakey’s book — an expanded version of his Munro Lectures for 1935-36 
— is a valuable and timely survey of present knowledge of the Stone Age in 
Africa. To appreciate its merits to the full and to gauge recent progress, 
the student would do well to glance once again through Mr. M. 0. Burkitt’s 
South Africa in Stone and Paint. 

The subject bristles with difficulties. This arises in part from the fact 
tliat research in African arclueology has boon very much dep>artmentaliBed 
and correlations at present are by no means easy to determine. Thanks to 
the researches in Uganda of Mr. E. J. Wayland and of Dr. Leakey himself in 
Kenya, it is becoming increasingly evident that the position of East Africa 
is pivotal ; but both in South and North Africa recent advances in working 
out the chronological and typological relations of local cultures hold out 
definite promise of a clearing up of doubtful points at no distant date. When 
this time comes, North Africa, in dealing with which area Dr. Leakey does 
full justice to the recent work of M. Vaufrey, will hold a position of possibly 
even greater importance in view of its relation to Europe, and it may be 
Palestine, where Miss Garrod’s recent late pal»olithic and mesolithic dis- 
coveries throw a new light on early cultural movement. The position of 
Africa, in the early development of culture and also of man, is one of the 
most interesting of the numerous problems with which Dr. Leakey deals. 

In addition to his chapters on the archssology of East, South, North and 
West Africa, the author devotes one chapter to African Stone Age art and 
one to Stone Age man, in which the evidence for Early man in Kenya is 
fully discussed. 

E. N. F. 

The Emergence of Hiuxian Culture. By Cabl J. Wabdek. [Pp. x 
+ 189, with 10 figures, including 3 plates.] (New York and London : 

Macmillan & Co., Ltd., 1936. 8s. fid. net.) 

At what point in organic evolution can it be said that maxi becomes man, 
and by what criterion is the line of demarcation between the animal and 
the specifically human to be determined t Until the common ancestor of 
man and the ape is found, if indeed that much-desired discovery is ever 
made, and tmtil prehistoric studies take us back a great many stages farther 
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than they are able to do at present, the answer to these questions must 
depend in no small degree upon the basis of olassihoation and definition. 
Dr. Warden’s solution of the problem is that the character which differentiates 
man as such is culture ; but he goes on to point out that, not only is man 
as a self-domesticating animal the author of culture, he is also its product. 
Startling statement as this may seem at first sight, it requires only a little 
reflection to appreciate its truth, even when applied to man in the most 
rudimentary forms of human society. For even before birth and throughout 
the whole formative period of liis existence man, physiologically and psycho- 
logically, is being moulded by the cultural pattern of the community 
into which he was bom. Taking culture, then, as his criterion, Dr. Worden 
proceeds to show how, when applied to the scheme of organic evolution, 
cultural development not only serves as a measure of man’s progress from 
primitive to civilised, but also, when contrasted with the sociobiological 
stage, such os is manifested in the behaviour of ants and bees and certain 
prfwjtioes of monkeys and anthropoid apes, it draws the line between the 
instinctive and inherited, and the rational and human, which must be 
implanted by education and training. 

E. N. F. 


The Law and the Prophets. By Habold Peake and H. J. Fleure. 
[Pp. viii 4- 188, with 52 figures.] (Oxford : at the Clarendon Press ; 
London : Humplu'ey Milford, 1936. 6s. net.) 


This volume is No. IX in the series “ The Corridors of Time,” in which the 
authors have set out to sketch the evolution of human society during pre- 
historic time. Hero they are concerned with the period which experienced 
the full efiTeots of the adoption of iron as a principal tool material, and the 
accompanying clashes of cultures and peoples in all the civilised lands of the 
Old World. The clash of ideas led to fresh consideration of fundamental 
problems in the relations and duties of the individual to the social group, 
and vice versa. The authors give a concise outline of the resulting develop- 
ments in the ideals and achievements of Hebrew prophets and Hellenic 
statesmen, of Hindu and Buddhist philosophers, and of the sages of China 
and the lawgivers of Rome, all of them reacting to the new conditions and 
possibilities. 

The authors see value in both of the two hypotheses of diffusion of culture 
and of parallel evolution of culture in different lands under similar circum- 
stances, and hold that in many oases both sets of factors may have been 
present. Their conclusions are supported by a wealth of detailed evidence. 
The amount of detail is indeed such that there is sometimes a danger that 
the non -specialist reader, for whom the books are apparently intended, may 
fail to see the wood for the trees. But the work is well worth the careful 
reading it demands. Like tlie rest of the series it is a great achievement 
in the presentation of the results of a vast amoimt of work in a moderate 


compass. 


C. B. F. 


A History of Europs. By the Rr. Hon. H. A. L. Fisher, P.C., D.C.L,, 
F.B.A., F.R.S, [Pp. xiv 4- 1301, with 34 maps.] (London ; Edward 
Arnold A Co., 1036. 10s. 6d. net.) 

A BOOK of 1300 pages at the modest price of 10s. 6d. is something of a pub- 
lishing tour de force — especially in the case of a book which, on the face of 
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it, would seem to have an “ academic,” rather than a “ popular,” appeal. 
How, one may wonder, has it been done ? One need not wonder long ; one 
has to read but a few pages to discover the method underlying the publishers* 
illusory insanity. That a History o/ Europe written by the Warden of New 
College must be a good history would bo merely a reasonable assumption. 
A good history, however, may be far removed from a great history ; and the 
history which Mr. Fisher actually has written belongs imquostionably to 
the small and select company of really great histories. As such, it will 
surely gain a monopoly in its own particular field ; and even when, in years 
to come, that monopoly passes to some newer history, scholars and students 
still will t\im to it as the classic humanist interpretation of European progress. 

An elder Liberal statesman in whom Liberal doctrines are deeply en- 
grained, Mr. Fisher frankly views the world through Liberal eyes, but it 
would be absurd to reproach him for this ; ho is much too sound a scholar 
to seek to serve any narrow party end. and liis critical examination of what 
he calls ” the Liberal experiment ” of the nineteenth century is nothing 
short of an astonishing achievement of penetrating thought. Many of us 
at the moment are dismayed by the apparent failure of that Liberal experi- 
ment. But has it failed ? ” Tlie tides of liberty have now suddenly receded 

over wide tracts of Europe,” writes Mr. Fisher, and, no doubt, his metaphor 
was chosen with deliberate care ; when the tide turns, it well may be that 
Stalin, Mussolini and Hitler alike will be os impotent as was Canute to stay 
an incoming flood, blurope, Mr. Fisher concludes, ” has now reaohod 
a point at which . . . two alternative and sharply contrasted destinies 
await her. She may travel down the road to a new war or, overcoming 
passion, prejudice and hysteria, work for a pennanent organisation of peace. 
In either case the human spirit is armed with material power. The develop- 
ing miracle of science is at our disposal to use or abuse, to make or to mar. 
With science we may lay civilisation in ruins or enter into a period of plenty 
and well-being the like of which has never been experienced by memkind.** 

J. A. B. 

Principles and Laws of Sociology. By Hakold A. Phblps. Wiley 
Social Science Series. [Pp. xiv -f 544.] (New York ; John Wiley & 
Sons, Inc. ; London ; Chapman & Hall, Ltd., 1936. 20s, net.) 

This useful work by tlie Professor of Sociology at the University of Pitts- 
burgh is a survey of what sociologists have considered to be statements of 
law and principle. It begins accordingly with a discussion on the scope 
and nature of Sociology. The second part of the book considers the swooping 
laws and generalisations which characterised early Sociology. In the third 
part the much more limited laws and principles of recent social thought 
are analysed. And in the fourth and final part such topics as social trends, 
social prediction and symbolic Sociology are examined and it is argued that 
” the specific requirements of a Sociology with a valid body of laws are 
(1) clearly defined units and variables, (2) susceptibility to verification, 
(3) adequate samples, (4) clearly defined limits, (5) predictability or applic- 
ability to comparable situations and (6) usofulnoss in social control.” 

If wo compare present-day Sociology with that of the nineteenth century 
one clear ” trend *’ definitely emerges. In place of the grandiose schemes^ 
laws and single-factor explanations (e.g. Comte’s Law of Three Stages, Tarde’e 
Law of Imitation) present emphasis is on strictly limited, precise and as far 
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as possible quantitative laws (e,g. Pearl’s logistic law of population, Engers 
law “ that the greater the income of a family, the smaller the percentage 
outlay for food A social law is now “simply a statement of probable 
events and sequences not of their invariable certainty or of their efficiency 
as explanations of causes.” Research into “ society ” in general has given 
way to the intensive study of social segments, of subordinate social structures, 
of limited social patterns such as population or urbanisation. 

The results of such intensive study are given in the third and most im- 
portant part of the book, where a detailed examination is made of the laws 
applicable to the social patterns of population, urbanisation, ruralisation, 
industrialisation, mobility, social organisation and social class. The results, 
however, are rather disappointing. Although the author rightly stresses 
the value of precise empirical quantitative and qualitative laws (e.gr. those 
of Gompertz, Pearl, Fairchild with regard to population) it should not be 
forgotten that their subsumption under wider laws and their interpretation 
in the light of the more ultimate laws of life and mind must also be attempted 
by a scientific Sociology. Herein lies the significance of the “ cosmic ” 
generalisations of the early sociologists. Nor should it bo forgotten that 
precise quantitative laws to which the author is so partial are not necessarily 
valid. The form of a law is no gxiarantee of its validity. Pearl's logistic 
law is not applicable to human populations. Engel’s law does not hold 
for the larger part of the world’s inhabitants. 

The utility of this book would have been greatly enhanced had the author 
examined critically the whole problem of social causation. If science is a 
study of causes, a law that is no more than “ a statement of probable events 
and sequences and not of their invariable certainty or of their efficiency aa 
explanations of causes ” does not yield much information. But science is 
more than a study of causes for it also attempts to an'ange the causes in a 
hierarchy of significance. We must know what factors are most important 
in any social pattern and what framework of categories we must devise to 
guide us through their labyrinthine complexity to the discovery of social 
laws. And we must also remember that social laws only have relevance 
in specific historical configurations. Social laws (e.g. those of Engels, Ricardo, 
Malthus), are not eternal laws of nature. They are historic laws which arise 
and disappear. 

J. Rttmnby, 

Soviet Science. By J. O. Crowthbb. [Pp. x + 342, with 16 plates.] 
(London : Kegan Paul, Trench, Trubner & Co., Ltd., 1936. 12s. 6d. 

net.) 

This writer of this book has paid seven visits to Russia in recent years and 
has been the guest of the Scientific Section of the Department of Heavy 
Industry. He is therefore able to describe scientific developments in a 
cotmtry which spends a far greater proportion of its national wealth on 
science than any other. These developments are said to be incomprehensible 
without some Imowledge of the philosophy of Dialectical Materialism. For- 
tUMtely this is not so, otherwise they would remain incomprehensible in 
spite of a chapter devoted to elucidation of this meaningless hotch-potch 
of misunderstood science and class hatred. Needless to say, science progresses 
in the U.S.S.R. by the use of the Baconian method in imitation of the Western 
world, and is not conditioned by the “ contradiction of opposites,” modes 
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of production, the claas struggle, or euiy other Hegelo-Marxi6ui oatoh-phraae. 
Everything is, of course, planned, and the scientist is not allowed to give 
“ harmful expression to illusory ideas of absolute freedom, or behave with 
social irresponsibility.*’ In researching into the history of science full scope 
is given for the dialectical materialist approach ; Newton’s Prinoipia is found 
to have economic and social roots, and the exaltation of theory over experi- 
ment (very noticeable in present-day physics !) is due to the fact that science 
is pursued by the leisured classes who dislike manual work. All this will 
strike the English reader as very childish, and almost as pathetic os Nazi 
racialism. Nevertheless, there is a great deal going on, and the book gives 
an excellent survey of it. Presumably something will come of all this 
planning, but at present the best conclusion seems to be to use metaphorically 
. a statement of the author’s concerning the rooms in Leningrad in which 
scientists from the provinces are accommodated : “In spite of the strict 
management, the rooms are not entirely free from vermin.’’ 

G. B. Bkown. 

Science fights Death. By D. Stabk Mukbay, B.Sc., M.B., Ch.B. 
Changing World Library, No. 4. [Pp. x 4- 149, with 18 figures.] 
(London: C. A. Watts & Co., Ltd., 1936. 2s. 6d. net.) 

In the early days the d\ity of medicine was to cure disease. When the 
nineteenth century science arrived it taught that medical science should 
prevent disease, and from this there followed the modern “ Production of 
Health.” But this involves the service not only of medical science but the 
co-operation of a more and more enlightened body of lay workers, the patients 
of yesterday. Most of these are in a state of aboriginal ignorance concerning 
the simplest common-place relations of their body structure or of the extent 
and nature of the many influences which produce disease and injury. 

This little book seems to supply a real want. It is full of the most ele- 
mentary yet essential facts ; it should be found in every home and school 
room. 

We find objection in the title ; it is pessimistic and foolish for it would 
seem useless to fight anything that is dead ; surely it would be better and 
more hopeful if “ Science fights for Health.” 

On page 77 the pancreas is referred tovos the ” sweet bread ” of course 
the true sweet bread is the thymus gleuid. 

P. J. 

Statiatical Methods lor Research Workers. By R. A. Fisheb, 
Sc.D., F.R.S. Sixth edition. Biological Monographs and Manuals, 
No. V. [Pp. xvi 4- 389, with 12 figures.] (Edinburgh and London : 
Oliver & Boyd, 1936. 16s. net.) 

This new edition of Prof. Fisher’s book appears only two years after the 
publication of the previous edition, thus demonstrating the continued use- 
fulness of this work. The new edition includes 20 or so more pages than the 
previous edition. The Table of “ z ” has been extended to include Od per 
cent, points of the distribution of “z,” and various passages have been 
enlarged slightly. For the greater part the book continues to be its own 
elfioient self. 


E. C. Ehobbb. 
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Preparation of SclentiRc and Technical Papers. By Sam F. 

Tbbmeasb and Emma Sabbpta Yulb. Third edition. [Pp. 126.] 
(Baltimore : The Williams & Wilkins Co. ; London : Bailli^re, Tindall Si 
Cox, 1936. Is, net.) 

This is a very useful book, and, while individual opinions may differ on 
various points of detail, there is no doubt that would-be authors of soientifio 
papers or reports, or even books, could read and learn from this volume 
with advantage. 

The authors start by suggesting that, before the writing of a manuscript 
is begun, a summary of the contents should be made and the probable head- 
ings set out. This advice is heartily to be commended, and, from the re- 
viewer’s knowledge, many hours of fruitless writing could be saved by authors 
if they only adopted this plan. 

There follows information on the kinds of typo that may be used, and 
the underlining to be adopted to indicate them. Here a word of warning 
may be given. It is not wise to assume that every printer will have the same 
convention as to the kinds of type the various underlinings indicate, and it 
is desirable to mention at the start of a manuscript, under such a heading 
as Notes to Printer,” what the various underlinings denote. 

In dealing with corrections in a manuscript, the authors suggest that 
these should be mode in the body of the manuscript rather than in the margin. 
On this point there can be two opinions. If there is ample room in the 
text a correction may be inserted above the lino, but it is often far better to 
indicate the place in the lino where the correction comes and insert the 
same in the margin, whore there is more space. 

A list of abbreviations is given for weights and measures, etc., but it 
should be noted that American and British practice are not always the same, 
e.g, cc and not c.c. is given. Tlie advice on the sotting out of plant and 
animal names should prove very helpful. 

The authors then give a method of setting out references to journals, 
books, pamphlets, etc., and give a list of abbreviations for the more common 
scientific journals. These abbreviations cannot be reconunended. They do 
not follow those given in the ” World List ” and do not agree with those 
adopted in certain of the scientific journals of this country where the abbre- 
viations of the “ World List ” are not used. 


F. P. D. 
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THE ORIGIN AND NATURE OF WAVE 
MECHANICS* 

Bv W. VV1L80N» T'h.D., D.S( F.R.S. 

HUdred CnrlUe Profensor of Phyxif* in the, Vniverntily of Jjondon, liedford CoUeye 

It is appropriate that the reader should be reminded at the outset 
of certain things which concern waves and wave propagation. 
We may use as an illustration a phenomenon with w hich everybody 
is familiar : tiie transverse waves which travel along a sti'etched 
cord. The disf)lacemont of any small part of the cord may be 
resolved into two components, one of them in some plane containing 
the fixed points between whi(Ji the cord is stretched and the other 
at right angles to it. These two components are indejxjiident of one 
another and wo shall consider only motions of the cord which are 
in or parallel to this plane. The simfilest wave which can travel 
along the cord is one which gives it, at any instant, the shaj)e of a 
sine curve (Fig. 1(a)) and it is associated with simple harmonic 
motions of the parts of the cord. The period and frequency of such 
simple harmonic motions may bo represented by t and v respectively, 
so that the product vt is equal to unity. The wave-length, t.c. the 
distance from crest to crest, may be represented by A and the 
number of waves in the unit distance, i.e. 1/A, by r', so that the 
product Ar' is also equal to unity. The phcise velocity of the wave 
is the velocity with which a crest (or trough) travels along the cord. 
It is convenient to represent it by u, so that 

u — A/t v/v* 

Phase Velocity -== (Frequency) /(Wave nuinber) . . (1) 

Filially w^e may, in accordance with the usual practice, use the 
term amplitmle for the maximum value of the displacement in a 
simple harmonic motion. 

Now any kind of wave can be regarded as a superposition of such 
simple waves of suitable wave-length and amplitude. That is to 

^ Banod on the nofces of a locturo delivorod to the Mathematical and 
Physical Society of University CoUogo, London. 
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say each displacement of the cord, when any kind of wave is 
travelling along it, is the algebraic sum of the displacements at the 
point in question due to a number of simple waves. This is a 
consequence of a well-known theorem due to Fourier. The partial 
differential equation which describes the ])08sible small motions of 
the parts of the cord is a linear one and it is a consequence of this 
fact that when two or more waves combine they actually do ])roduce 
a resultant wave in accordance with the principle of superposition 
just described. Such a wave is illustrated in Fig. 1 (c) which is the 
result of the superposition of the two 8 im])le waves {a) and ( 6 ). 

The waves which travel along a stretched cord serve to illustrate 
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only the eimplest features of waves and we are more concerned with 
waves in a 3 -dimcnsionaI region, light waves for instance. But 
in speaking of light waves we must be cautious. It is very im- 
probable that light consists of waves ! The fact that it can be 
propagated through exhausted regions throws doubt on its undula- 
tory nature. For wave propagation some medium is needed and 
since the time of the famous experiments of Michelson and Morley 
and the beautiful relativistic explanation of them we have been 
left without a luminiferous medium. For purposes of illustration 
however the light waves of Young and Fresnel are exceedingly 
convenient and useful to us and for the moment we shall think of 
light in very much the same way as Fresnel thought of it : namely 
as a wave propagation through a material or qmai material medium. 
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Regarded in this way white light may be described as a super- 
I)osition of simple plane waves of all sorts of wave-lengths, periods 
and amplitudes, and a grating or prism makes a Fourier analysis 
of it — at any rate approximately —into its simple sine constituents. 

Now let us turn our attention to plane — and, if preferred, plane 
polarised — light waves which have a sinusoidal shape, bvi which 
extend, over a limited spatial region only. Let us further suppose 
that the wave-length, A, is very short compared with the dimensions 
of the region over whi(ih the waves extend. We may conveniently 
call such a train of waves a simple group. It can be shown, with 
the help of Fourier’s 1/heoreni, that such a group may be regarded 
as a 8upery)OBition of infinitely extended trains of simple waves, 
all having the same, or practically the same, amplitude, all havmg 
wave-lengths differing inappreciably from X and all travelling in 
directions nearly coincident with that in which the group is travel- 
ling. The component simple waves, whoso superposition yields the 
simple group, destroy one another by interference outside the limits 
of the grouy). To make this description quite i)reci8e it ought to 
he added that the simple Fourier constituents of the group do 
indeed include many of widely differing wave-lengths and directions 
of propagation ; but we may ignore these because of their inap- 
preciable amplitudes. The simple group retains its shape as it 
travels onwards, ai)proximately at any rate, as if its boundary wore 
rigid. In the limiting case of infinitely small wave-length, A, it does 
not change its shape nor spread at all and only inappreciably when X 
is sufficiently small. 

If and V 2 are the wave-numbers of any two of the simple 
constituents of the group and if and ai^e the corresponding 
frequencies the group velocity ^ v, is expressed by 

V -- (f, - Vi)/(Vt ~Vi) 

or 

Group velocity -- {Frequency differencs)/ (Corresponding wave 

number difference) (2) 

more usually written 

V — dv/dv'. 

When the medium is dispersive, or in other words when the phase 
velocity, u, veiries with the wave-length, A, or, what amounts to the 
same thing, when it varies with the wave number, v’, the group 
velocity (2) differs from the phase velocity (1). The diflFerenoe between 
group and phase velocities can easily be observed if a bath is nearly 
filled with water and the tap so adjusted that a drop falls about 
onoe every dozen seconds or so. Eaich drop will generate a group 
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of ripples containing some Ijalf-dozen crests and troughs. These 
can be observed to travel ajipreciably faster than the group, each 
crest advancing through the group and disap])earing in front while 
new crests are created behind. 

The properties of the simple grouj) are very im 2 )ortant and we 
shall summarise them : 

(i) The group has the form of a simple {i.e. sinusoidal) wave. 

(ii) It extends over a spatial region which is limited in all direc- 
tions. 

(hi) The wave-length is almost infinitesimal compared with the 
dimensions of the group. 

(iv) The group advances with the velocity expressed in (2). 

(v) It maintains, approximately, its shajK) and size like a rigid 
body. 

It is now necessary to incjuire about the essential features of 
geometriail optics. Wo are not of course concerned with the 
}>eculiarities of lens systcmis, nor even with the laws of geometrical 
optics as they are commonly stated ; but with more fundamental 
things from which these emerge as comparatively trivial conse- 
quences. To the question : What is geometrical optics ? we may 
answer — and bo it remembered that we are still retaining Fresnel’s 
view of the nature of light for the sake of its present illustrative 
usefulness — that wc are within the domain of geometrical optica when 
the light consists of simple groups like that which has just been described 
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and when these groups are so small compared with the lengths of the 
paths they describe and with the dimensions of the lenses, apertures, 
etc., with which we may be working, that we may regard them {the groups) 
as points. In these circumstances it will be seen that the wave- 
length, X, is a second order small quantity. The region swept out by 
one of the groups as it travels along with its characteristic group 
velocity will therefore approximate to a line — a straight line when 
the luminiferous medium is isotropic and homogeneous. In Fig. 2(a) 
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is shown a simple group, 0, travelling between the places marked 
1 and 2. The wave crests in the group are indicated by parallel 
lines which, in an isotrojiic medium, are of course perjiendicular 
to the direction in which the group is travelling. The laws of geo- 
metrical optics apply exactly — i,e. with only second order small 
errors — when the group, 6/, is so small that it becomes practically a 
point as in Fig. 2(6) and the path it sweeps out is a ray of light. 

FermaVs principle, which was anticipated in some degree by 
Archimedes, expresses the laws of geometrical optics in a single 
statement. We shall give it the following form : 

The shape of the path {ray) along which G travels is such that the 
number of waves in it has a statioruiry value. 

This means that the shape of the path is such that the number 
of waves in it may be a maxiimim or a minimum, but it also includes 

y 



other cases. They are all illustrated in Fig. 3 in which y is some 
function of an independent variable x. The stationary values of y 
are those corresponding to the values of x where the tangent to the 
curve (shown by a thick line) is horizontal. The cases (a) and (6) 
illustrate respectively maximum and minimum values of y, while 
(c) illustrates the fm*ther possibilities. The number of waves 
between 1 and 2 (Fig. 2) — which is illustrated by the function y 
of the diagram — ^is really a function of a number of indejiendent 
variables ; but we shall symbolise them shortly by the single letter, /, 
which may be regarded as representing distances along the ray 
measured from 1 (Fig. 2). The diagrams in Fig. 3 make it evident 
that the statement of Fermat’s principle just given is equivalent to 
sajdng that the number of waves in the actual path traversed by 
the light (group) is equal to the number in any neighbouring path. 
By a neighbouring path is meant one for which the parameters 
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which determine its shape differ infinitesimally from those which 
determine that of the actual path (Fig, 4). 

It is important to note that Fermat's jyrincijile 07ily decMes what 
is the shape of the path or ray. It does not tell us anything about the 
time taken by the lumirums disturbance to travel from I to 2 (Fig. 2). 
It is true that the principle is often termed the prin(n{)le of least 


time and if the time ” refen*ed to in that taken by a crest (or a 
trough) to travel from 1 to 2 it will of course have a stationary 
value since it is proportional to the number of waves in the path. 
But the time in this special sense is not in general that requii’ed by 
the light to get from 1 to 2. 

Fermat’s princi})le, in the form we have given it, is equivalent 
to the statement : 

[Difference in the number of waves in the actual 
[and in any neighbouring path 
or 

A{v' X ‘ 0, (3) 

where the symbol A is used for difference. When v\ the number 
of waves j>er unit distance, varies from ])oint to point we may 
suppose / to be a very short distance and the bracket expression to 
mean a sum of products like v' x L The statement (3) is usually 
written 

2 

d^v'dl — 0 (3a) 

It is very important to note the tacit assumption that the 
frequency, v, has 

(а) the same value at all points on the actual path from 1 to 2, 
(usually expressed in the form dv ~ 0) 

and 

(б) the same value on the actual and on the neighbouring paths 
(expressed by dv = 0). Of course v' will in general vary from point 
to point, since the character of the medium may do so. 

Now it is an historical fact of great interest, to students of wave 
mechanics especially, that a famous French savant of the eighteenth 
century, de Maupertuis, subsumed the laws of mechanics in a 
single statement, similar in form to that already given for Fermat’s 
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principle, which no doubt suggested it to him. Maupertuis called 
his principle the principle of least action ; but for reasons which the 
reader will appreciate we shall call it the principle of stationary 
action. It may be stated in the following way .* 

The shape of the path traversed by a particle ^ is such that the action 
has a stationary value. By action is meant the product 
momentum x distance, 

or, when the momentum varies from j)oint to point, we imagine 
the i)ath to be divided into a large numbei* of very short lengths 
and the action will tlien be the sum of all products of momentum 
and distaiHje for each of the short lengths, q, which make up the 
whole ])ath. Maupertuis’ })rinci])le may therefore be put in the 
form : 

f Difference between the action for the actual and 
[that for any neighbouring path 
or 

A{pxq}^^i) (4) 

where j) means the momentum of the particle and q the distance it 
travels. And of course just as in (3) the bracket expression may 
mean a sum of products p x q. The statement (4) is usually 
written in the form 


2 



1 


The analogous statements (3) and (3n) of Format’s principle will be 
recalled and it should be noted that the application of Maupertuis’ 
principle is governed by conditions strictly analogous to those 
associated with the application of Fermat’s principle. Instead of 



dv — 0, 

and 

dv -- 0, 

we have 

dH =0. 

and 

(5^-0, 


where H means the energy of the particle. Maupertuis’ principle 
is therefore limited in its application to consennitive systems. Note 
the analogies between 

p and 

H and v, > (5) 

q and I ) 



^ Of course the principle can be stated in such a way that it comprehends 
systems much more complex than a particle. A complete description of it 
is not possible within the limited scope of this essay. 
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Mauportuis was, in some sense, a fore-runner of Sir Arthur 
Eddington. The latter has recently written a book ^ in which he 
he attempts to deduce the laws of the physical universe —it is not, 
one feels, a gross exaggeration to ])ut it in this way — from the 
peculiarities of the intelligence of the physicist. Now Maupertuis 
deduced his great principle from the attributes of the Supreme 
Intelligence, and one appreciates on reading his work that he 
attributed to the Deity an intelligenc^e very like his own (Mauper- 
tuis’). We may remark in passing that some of the illustrations he 
gave indicate that he did not fully ap]3re(iate the significance of 
the principle he discovered. 

One last remark may be made about tlio primiple of stationary 
action. It only gives us the shape of the path of the particle in question. 
It does not for example give any information about velocities or times 
of passage. In this respect too it is analogous to Fermat’s princij:)le. 

If we desire to broaden the expression of Fermat’s principle so 
that it will not only tell us what is the 8ha])e of the ))ath of the 
minute groups, (?, but also yield the group velocity (2) we soon 
realise that this can bo done in only one way : The path traversed 
by the groups, G, from 1 to 2 and their velocities must be such as 
to give a stationary value to the difference 

fNumber of periods described^ 


Number of waves in the path 
from 1 to 2 


in the time taken by O to 
travel from 1 to 2 


We may express this more compactly in the form 

A{v' X 1} - A{v X t} i) (6) 

If in applying this extended statement of Fermat’s principle we 
retain the old conditions, namely dv ~ and ^ 0, we see that 
both terms in (6) must vanish separately and consequently 
V X At 0. Wo shall therefore have to lay down that the time 
taken by a group to travel from 1 to 2 has to be the same in the 
neighbouring path as in the actual one. But we shall go further 
than this. While retaining the old condition dv ~ 0 we shall 
introduce a new one which is compatible with it, namely 
dv a minute constant. 

The first term in (6) does not now vanish ; but becomes 

{Av' X 1} 

where Av* m/w means the change in v* which is due to dv, the change 
in Vy and not the change in r' due to the difference in the |) 08 itional 
co-ordinate, L Similarly the second term becomes 

{Av X t) 

^ Relativity Theory of Protons and Electrons. 
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where is simply identical with the small constant we have called 
dv. It should not be forgott/cn that these bracket expressions 
represent sums, I and t being short intervals of distance and time 
respectively. 

Equation (6) now becomes 

Av' xl-Avxt=0 

and (consequently 

l/t - Av/Av\ (7) 


and this is just the expression, as indeed we hoped it would be, for 
the group velocity. It is, of course, usually written 


dl __ dv 

(it ^ 


(la) 


Once again let it be emphasised that the differences symbolised 
by A in (7) are Twt those due to, or associated with, changes or 
differences of the positional co-ordinate, or co-ordinates, /. They 
are due to the modified condition we have attached to the apfdica- 
tion of the princi])le and whi(;h we expressed in the form 

()v - a minute constant. 


This is indicated in (la) in the conventional way by the round 9'^. 

Now (7) or (la) has exactly the form of one of Hamilton's 
canonical equations, namely 

velocity AH/Ap, (8) 

where If is the energy and p the momentum. A very s|:)ecial case 
of this equation, which can bo verified at once, is 


m 


V A(\mv^) / A(mv) 

Those who are familiar witli Hamiltonian dynamics will recognise 
in (8) the equation which is usually written 

dq _ a/yi 
di dp 

But there is still something else which emerges from Fermat’s 
principle in the extended form we have given to it. We have 
tacitly and quite correctly regarded v* as a function of the variables 
V and /, i.c. 

r' — function (r, 1), 

This means that v can l>e regarded as a function of v* and Z, i.e. 

V — function (v\ 1) 

and therefore any small difference or increment in the value of v, 


^ There are, of course, as many equations of the type of (8a) as there are 
independent co-ordinates q. 
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however it may arise, can be expressed as the algebraic sum of two 
small diflFerences, thus 

l)ifl V ^ {Dijf. V), + (Diff, v),, .... (9) 

where the subscript, a, is used to mark the part of Diff. v which is 
due to a small increment of v\ which ft marks the j)art of it which is 
occasioned by a change in 1. But while a group, (7, travels from 
one place on its path to another, v does not change and therefore 
equation (9) becomes, when applied to diftbrences due to 0 travelling 
from one point to anotlier on its path 

v)a + mf- r), 0 . 

Now the former of tliese two terms (the one marked a) is equal to 

Av' X j 


in accordance with equation (7). Therefore 
Av' X ^ -) (IHff. v)i, -- 0 
or 

t ' r ' 


( 10 ) 


The left-hand member of this equation represents the rate of change 
of v' as the group travels along its ])ath. On the right-hand side 
the subscript ^ expressly marks the fact that the ratio (Diff, v/l)^ 
is that due to the change of I only and does not include any con- 
tribution duo to a change inv'. Tlie common mathematical way of 
expressing such a relationship as (10) is 


dv' _ dv 
iU dl 


. (lOa) 


and its perfect correspondence with another of Hamilton’s canonical 
equations, namely 


dp ^ 

dt dq 


. ( 11 ) 


will bo appreciated. 

Finally it may be noted that the extended form of Fermat’s 
principle (6) may be written 

2 


d (v'dl - vdt) 


- 0 , 


the two paths, the actual one and the neighbouring one, being not 
only spatially co-terminous but also, as we have seen, co-terminous 
^ See the remark in note on previous page. 
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in the time. On substituting p for v', H for v and dq for we get 

2 

~ ( 12 ) 

1 

which is Hamilton's principle. 

We have tried to show that there is a perfect analogy or corre- 
spondence between classical mechanics and geometrical optics. 
This was discovered by Sir William TIamilton. Indeed he was led 
to the discovery of his famous canonical equations and to the prin- 
ciple named after him by the study of problems in geometrical optics. 
It is an obvious inference from the existence of this perfect analogy 
that any purely ^ mechanical problem can be immediately translated 
into one in geometrical ofitics : the most im])ortant features in the 
translation being the replacement of the momentum, p, by a wave 
number, v\ or by 1/A and of the energy, H, by a frequency, r, or 
by 1/r. We may in fact replace the momentum, p (in classical 
mechanics), by hv' (or h/X) and the energy, //, by hv (or h/r) where h 
is any (sufficiently small) constant. We shall naturally not bo misled 
into a belief in the physical reality of the waves associated with the 
mechanical problem. We have simply observed an extraordinary 
and exact correspondence between the equations describing classical 
dynamical problems and those describing wave propagation in the 
particular limiting case which geometrical optics exemplifies. 

Fermat’s principle begins to fail when A ceases to be a second 
order small quantity compared with the dimensions of the apparatus 
we are using, the lenses, apertures, optical paths, etc. In other 
words the laws of geometrical optics begin to be inadequate when 
the apparatus is not large enough by comparison with A or when 
the times involved are not large enough compared with the period r. 
When A is not larger than a first order small quantity we help our- 
selves out with Huygens' principle ; * but when our apparatus, 
lenses, etc., are of the same order of magnitude as A even this fails 
us and we have to deal with the optical problem by finding suitable 
solutions of the partial differential equation which governs it. 

This failure of geometrical optics has its parallel in mechanics. 
The laws of classical mechanics begin to break down when they 
are applied to sufficiently small systems : atoms, electrons, etc., as 
was first recognised by the great German master of theoretical 
physics, Max Planck, who founded the quantum theory. Bearing 

' Problems involving the generation of heat are not purely meohanicai 
in the sense in which the term is used hero. 

* In its correct form, due to Q. Kirchhoff. 
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in mind the analogy between geometrical opticH and classical 
mechanics and the fact tl\at both fail under similar circumstances 
we are naturally led to suggest a new principle : all mechanical 
problems may he translated into optical problems. When it happens 
that the problem is a micromochanic;al one, the corresponding 
optical problem is not one of geometrical optics, but of undulatory 
optics and thus we find ourselves at last within the domain of wave 
mechanics. The new principle may fittingly be called Schroedinger's 
principle after Erwin Schroedinger, Planck’s successor in the Chair 
of Theoretical Physics in the University of Berlin, who, although 
ho did not originate wave mechanics, contributed very greatly to 
its development and who thoroughly appreciated the nature and 
importance of the Hamiltonian analogy. 

We find already in Newton’s Ojdicks, first published in 1704, 
some very remarkable previsions of modern views about light. ^ 
His definition of a ray ” at the beginning of the book and his 
subsequent references to it make it extraordinarily like the simple 
groups, (?, of Fig. 2. It had a periodic phenomenon associated 
with it, the fits of easy reflexion and easy transmission, the frequency 
of which we must identify with our v. Planck’s energy quanta have 
a close affinity with Newton’s “ rays.” Interchanges of energy 
between simple harmonic systems and consequently also the absorp- 
tion and emission of radiant energy (light) occur, according to 
Planck’s quantum theory, in integral multiples of hv, whore A is a 
certain constant (Planck’s constant) the value of which (0-54 x 
ergs. X sec.) he determined from data provided by the experimental 
investigation of full radiation. Einstein’s hypothesis that light 
actually consists of small bundles of energy (now called photons) 
each equal to hv is a natural corollary to Planck’s hypothesis and its 
adoption may be said to have rehabilitated in a large measure 
Newton’s views about light. It accounted admirably for photo- 
electric phenomena and later for the Compton effect which it may 
be said to predict ; but it made the phenomena of interference and 
diffraction of light very difficult to understand. It was this difficulty 
which led Louis de Broglie to suggest, about 1924, that in light we 
have a phenomenon in which both waves and particles are involved. 
He imagined the energy, as did Einstein, to bo localised in the 
particles (photons) each of them having the amount hv, while the 
waves in some way guided the photons along paths normal to the 
wave fronts. His next step is best described in his own words : 

But if for a century we have neglected too much the corpuscular 

^ See Messrs. Bell’s reprint of the 4th edition and the Introduction to it 
by Professor E. T. Whittaker. 
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aspect in the theory of light in our exclusive attachment to waves, 
have we not erred in the opposite direction in the theory of matter ? 
Have we not wrongly neglected the point of view of waves and 
thought only of corpuscles V ^ Thus de Broglie was led to associate 
waves (now called de Broglie waves) with all elementary particles 
and in particular with electrons and to predict the electron diffrac- 
tion phenomena now so familiar in (ronsequence of the experimental 
work of Davisson and Germer, G. P. Thomson, E. Rupp and their 
successors. In order to mec^t certain requirements of the theory 
of relativity he assigned to the waves associated with a particle the 
phase velocity 

u c^/v, 

where c is the velocity of light in empty space and v is the velocity 
of the particle. This expression for the phase velocity led him to 
the expression we have already foimd for the momentum, p, of the 
particle, namely 

p — A/A — hv\ 

since 

j) - 7nv vic^/u 

and therefore, since is the relativistic expression for the energy 
of the particle and is consequently equal to hv, 

p — hv/u hv 

All this is in complete agreement with the Hamiltonian correspond- 
ence already described and has been abundantly verified experi- 
mentally in the case of electrons, de Broglie also discovered the 
identity of the velocity of the particle and the group velocity of 
the associated waves. 

Before the development of wave mechanics the quantum theory 
was an incoherent association of disconnecteil and rather arbitrary 
hypotheses which were insufficient in many ways and did not build 
up a logical whole. The work of de Broglie and Schroedinger has 
removed these reproaches. Sohroedinger’s method was substan- 
tially that adopted in problems of undulatory optics (or in undulatory 
problems generally). Ho started out from a linear partial differential 
equation, Schroedinger^ a equaiion^ which cannot be adequately 
treated within the limits of tliis article ; but only illustrated. The 
simplest example of a wave is described by 

ip ^ A 008 2n{v*q -- vi)y (13) 

in which q measures distances normal to the wave front and in 

^ L. de Broglie : Wave Mechanics, p. 3, translated by H. T. Flint 
(Methuen). 
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which A, v' and v are constants. Wo can find its inechanicjal 
analogue by translating in the way suggested by the Hamiltonian 
correspondence : 

OtJT 

yj --- Agob Ilf) .... (13a) 

ft 


Since H and j) are constants this represents the case of a particle 
free from forces — or, equally well, a rigid body rotating about a 
fixed axis under no forces. For reasons which are familiar to all 
who have studied oscillating systems, especially electrical ones, and 
which need not be given here, it is both permissible and convenient 
to replace (13a) by 


. '^lUpq-nt) 
y) - ^ Ae ^ 

The associated differential equation is 

d'^xp _ ir^ d'^y) 
dq^ 


(136) 

(14) 


and generally of course it is from the partial diftbrential equation 
that we start out. The method used to solve such equations is 
quite old.^ We shall illustrate it by applying it to (14). It consists 
in finding a particular solution of the form : 

V - tq, 


where T is a function of t only and Q is a function of q only. Sub- 
stitution in (14) yields 

I d'^T (I'^Q 

f (W j)Hj ~dq^ 

each side of which must be eqimted to an arbitrary constant m. 
Then we get 

T = ffle ‘ 


and consequently 


A Vm{t n,) 

y} At ' i/ ' 


is a particular solution : a, h and A being arbitrary constants. 
Obviously 

Vm 2mv = 2mTI /h 

and in the special case of a rigid body rotating about a fixed axis, 

1 The rnatlieinatician, B. Riemami, has given some very interesting his- 
torical information in his work Ueber die Daratellbarkeit einer Function duroh 
eine trigonometrieche Reihe on the efforts of Brook Taylor, Danioll Bernoulli, 
d'Alombort and Euler to solve the problem of the vibrating cord and similar 
problems which are governed by just such on equation as (14). 
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q iB the angular co-ordinate and since an increment of q equal to 27t 
leaves the configuration of the system unchanged the function Q 
must not bo altered thereby. The condition which ensures this is 


p 


where n is any integer. Therefore we liave another expression for 
Vm namely 

Vm — inH/j), 


and on equating the two we get for the angular momentum, p : 

p " nil/ 271 

wliich is a familiar relationship even in the older quantum theory. 
We may write for the relationship between H and p 

H -- pV2/, 

I being the moment of inertia. Hence 


These discrete values for the momentum and energy are just those 
which appeared in the older theory as a consequence of the familiar 


condition 



nh. 


The function ip which represents the state of the system in a 
sense which will appear presently, is a sum of products of such 
functions T and Q {proper functions) each associated with an appro- 
priate value of Vw {proper value). The proper functions and proper 
values are not new things invented to serve the puri) 08 C 8 of wave 
mechanics, but have long been known and called by these names.^ 
What is the significance of the amplitude, A, in (13a) or (136) ? 
To answer this question we must give up the view about the nature 
of light which wets held by Young and Fresnel, and which indeed 
we have only used for purposes of illustration, and adopt the view 
that the physical entities in a beam of light are the photons. 
The waves are just as visionary as were those we found so useful 
in the comparison of classical mechanics and geometrical optics. 
They constitute a sort of picture of the kind of calculations we 
do. The rules for determining where the photons go, in an inter- 
ference experiment for example, are precisely the same as those 
which determine the positions of the fringes on the assumption 
of the undulatory nature of light. Now the square of the ampli- 
tude, t.c. A^, measures the intensity of the light and therefore its 
value in a bright fringe is a measure of the number of photons 


^ The oorresponding German terms are Eigmfimktion and Bigmv/ert, 
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reaching it in the unit time. But the wave, i.e. all of it that is 
coherent or whose parts are capable of interfering with one another, 
represents a single photon and we are therefore forced to regard the 
value of ^ at any place as a measure of the probability that the 
photon is there and we adopt this view of the significance of the 
amplitude of the waves associated with electrons and other elemen- 
tary particles. 

When the velocity of a particle is known the associated wave 
syst/em must be a simple group such as we have described and if 
it happens that its momentum, p, is large the associated wave- 
length, A, which of course is equal to h/p^ will be correspondingly 
small and the condition that it shall bo small compared with the 
dimensions of the group can be satisfied oven when the group itself 
is so small as to bo indistinguishable from a point (Fig. 26). We 
can in these circumstances assign accurately both a position and a 
momentum to the particle. This is the macrophysical cose in 
which a measurement of A and a consequent determination of the 
constant A from h ~~ Xp is impossible and for which the precise indi- 
vidual values of both h and A arc of no consequence ; but only their 
ratio h/X whic^h of course must be equal to p. In order to admit 
of measurment, a wave-length must not be too small compared 
with the dimensions of an essential part of the apparatus used, 
namely the grating spacing or its equivalent. If the momentum 
of the particle is very small the condition that A shall be small com- 
pared with the dimensions of the simple group can only bo satisfied 
when tlie group is large. There is now, according to our theory, 
a limit to the accuracy with which we can know the position of the 
particle at any instant. There must be an uncertainty of the order 
of magnitude of the dimensions of the group, since the probability 
of its l>eing at a particular place is measured hy which has prac- 
tically the same value at all points within the group. On the other 
hand when we have an accurate knowledge of the position of the 
particle at some instant, the wave system (wave-packet) repre- 
senting it must necessarily bo very small in its dimensions. This 
is because there is some probability (measured in fact by where y 
is the complex quantity which is conjugate to ip) that the particle 
is at any place within the wave system representing it, and our 
accurate knowledge of its position means that it is certain that the 
particle is not outside a certain small region and that therefore 
y> vanishes outside this small region. But the Fourier analysis of 
such a small wave-packet, in the microphysical case at any rate, 
brings out plane waves travelling in all sorts of directions and of 
widely differing wave-lengths. Consequently we cannot have 
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accurate information about the momentum (and velocity) of the 
particle since such information implies a wave system consisting of 
waves of a narrow range of wave-lengths and travelling very nearly 
in the same direction — a simple group in fact. We cannot, it seems, 
know both the position and momentum of a particle accurately at 
the same time. This is the uncertainty principle of Bohr and Heisen- 
berg which wo may state more precisely as follows : 

The order of magnitude of the product 
Ap. Aq 

is at least as groat as that of Planck’s con- 
stant, ht 

Ap and Aq being respectively the uncertainties in the measured 
values of the momentum, /j, and of the corresponding positional 
co-ordinate, q. 

To locate a small thing like an electron we are forced to do 
something which will interfere with its momentum and the more 
accurately we locate it the more violent and incalculable is tliis 
interference. Similarly in order to measure its momentum (or 
velocity) wo are forced to use a method which necessarily entails 
uncertainty about its position — an uncertainty which is all the 
greater the more accurate is the measurement of the velocity of the 
particle. If wo use the Doppler effect to measure the velocity of a 
small particle we must use light of long wave-length, so that the 
photons in it have low^ energies and do not interfere with the velocity 
wo are measuring. But then any apparatus using radiation of long 
wave-length must necessarily have very low resolving power and 
be quite useless for accurately locating anything that is small. 
Conversely we should require light of very short wave-length 
(gamma rays) for high resolving power and accurate determination 
of position ; but the high energy of the individual photons in it 
would seriously interfere with the momentum of the particle whose 
position we are finding. It appears to be an essential ('haraoteristic 
of the physical world that when anything happens which reveals 
very accurately the values of certain quantities, e.gr. momenta or 
energies it must necessarily hide the values of the corresponding 
conjugate quantities ; so that the law of causality fails, if we mean 
by causality the possibility of predicting future events from informa- 
tion which is now available. We can only estimate the probabilities 
of future events, and in the macrophysical world most of these 
probabilities are very high and represent practical certainties. 

This outline of the nature of wave mechanics would be incom- 
plete without at least a brief reference to the form of quantum 
mechanics developed by W. Heisenberg about the same time as 

Q 
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de Broglie began his work on wave mechanics, or a little earlier. 
The two forms of micromechanics arc very different in their outward 
form and appeared to have nothing in common, except the puzzling 
feature that they led to identical results, until some years later when 
Schroedinger succeeded in establishing their mathematical identity. 
We can in fact derive Heisenberg’s mechanics from wave mechanics 
by a method of which the following sketch gives a somewhat rough 
and incomplete notion. If we differentiate (136) partially with 
respect to q we get 

dx^i/dq — (2m/h)p\p (16) 

and thus we see that the operation d/dq is equivalent to the operation 
of multiplication by (2m/h)p, at all events when performed onxp. 
Consider now 



where x is any function cotjtaining q as an independent variable. 
The expression means the result of first multiplying y) by x and then 
differentiating the product with respect to q : 


d dyi 

8^ '“*4 + 



the brackets on the right indicating that the d/dq within them 


operates on x only. Therefore 


d /dx\ 

iff - %•' - y ’’ 

d d fdx\ 

dq dq \dqj 


which asserts that the operation 

dx 

operation of multiiJication by g— . 


dq^ ~ ^dq the 

In consequence of (16) therefore 


^{px - xp) 



(17) 


The special case, x = q yields 


2m 

IT 


(pq ~qp)==l 


(170) 


Similaxly we may infer 

--{Ht -tH) = l 
h 


(18) 

( 180 ) 
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These equations, which are only a sample as it were of a larger whole, 
are not so crazy as they look ! If we replace such differential 
quotients as dx/dq or dx/^, etc., wherever they occur in Hamilton’s 
canonical equations, by the corresponding “ crazy ” expressions in 
(17) or (18) we get the equations of Heisenberg’s theory in the form 
it has acquired in the work of Born, Jordan and Dirac. Their 
madness disappears when we represent p, q, H, etc., by matrices. 
The matrix, U, in particular is a diagonal one and its elements are 
the energy values of the stationary states of the older theory, the 
proper values of Schroedinger’s theory or the spectral terms of the 
spectroscopist. 

The wave mechanics of de Broglie was the immediate outcome 
of his efforts to reconcile the corpuscular and undulatory features 
of light. Heisenberg’s work was inspired, directly or indirectly, 
by the philosophy of Ernst Mach which forbids, even more sternly 
than did that of Newton, the adoption of hypotheses of any kind 
or the introduction of notions which lack the quality that may be 
described as ‘‘ observational value.” Both forms of quantum 
dynamics have now impressive achievements standing to their 
credit and it must give great satisfaction and pleasure to Planck, 
who twenty-five years ago prophesied that the full success of the 
work then devoted to his quantum theory would probably only 
accrue to a later generation, to contemplate the outcome of his 
epoch-making ideas. 
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all ilte fire emitted by wood arid ot)\e>r combustibles when humin^t 
existed in them before in a solid state, being only discovered when separating, 

Benjamin Franklin. 

A LUMINESCENT body is one which radiates light at a low tem- 
perature and whose light is not the result of the absorption of 
radiant (light, heat, actinic) energy, the light emitted by living 
organisms and the freshly cut surfaces of sodium and potassium 
metals. A pho8j)horescent body is one which gives off light at a 
low temperature after the absorption of radiant energy, e.gr. the 
alkaline earth sulphides plus metal impurities. A fluorescent body 
is one which gives off Ught at a low temperature only during the 
time it is being irradiated, e.g, chitin in the presence of ultra-violet 
rays, and eosin. An incandescent body is one which emits light 
because of its high temperature ; for a black body the total 
radiation varies directly with the fourth power of the absolute 
temperature. 

Since the light of luminous animals is independent of external 
irradiation and since neither phosphorescence nor fluorescence can 
be produced in a non-luminous extract of the animal, the light of 
such is a luminescence. Chemiluminescences invariably require 
oxygen or ozone for their production, e.g, that of phosphorus, 
freshly cut surfaces of metallic sodium and potassium, and animal 
luminescence (Harvey, 1919). 

(a) Distribution and Structure of the Light-produoing 

Organs 

For a treatment of the earlier literature on this topic, de Kerville 
(1890) and Mangold (1910-14) should be consulted. 

1. Crustacea , — ^Light-producing organs have been found among 
the Ostraooda, Copepoda, Schizopoda, and Deoapoda. Lumin* 
escence in the ostracod, Cypridina hilgendotflif is extracellular. 
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The luminescent organ in the latter is composed of maxillary gland 
cells (Kanda, 1920). Each cell of the organ opens by a separitte 
pore with a valve. Upon the contraction of certain muscles, the 
secretion is forced out and luminesces in the sea water (Harvey, 
1919). In the deep-sea shrimp, Acanthephyra debelia, the light 
organs are scattered on the surface of the body (Harvey). The 
shrimp, SysteUaspis, possesses a large luminous gland which secretes 
a luminous material into the sea water (Harvey, 1931a). This 
species occurs at depths between 600 and 800 fathoms off the coast 
of Bermuda (Harvey, 1931a). Luminescence at abysmal depths 
may be used for lumination, though Kemp (1910) has noted that 
the vast majority of marine animals possessing photophores (in- 
cluding decapods) live at the surface or at intermediate depths 
and never occur at the bottom, at least in deep water. 

2. “ Myriapoda ” (Centipedes and Millipedes), — The enlarged 
light-producing, hypodermal cells of m 3 rriapod 8 have been 
treated in another paper (see Maloeuf, 1937). 

3. Hexapoda. — ^Carpenter (1854) noted that luminous insects 
are nearly restricted to two families of the Coloop tera : (i) The 
Elaterid^e, or “ fireflies,’* have many luminous species, probably all 
of which are confined to the New World, (ii) The Lampyridee, 
or “ glow-worms,” have over 200 known luminous species, most of 
which occur in America. According to Carpenter, both sexes of 
the former family are equally luminescent, while the females of 
the latter family are more intensely luminous. 

The luminous organ in many of the Elateridse is probably a 
modification of the fat body (cf. Williams, 1916-17, and Okada, 1935) 
and lies above the sixth and seventh abdominal sterna. It consists 
of : (i) A dorsal layer of reflector cells, white in appearance owing to 
the presence of crystals of xanthin, urates or both ^ ; (ii) a ventral 
mass of large cells (the light-producing cells) containing photogenic 
granules (not fat granules) ; (iii) large tracheal trunks and tracheoles ; 
(iv) nerve fibres ; (v) non-pigmented and somewhat translucent 
sternal plates beneath the light-producing cells. “ The luminous 
matter,” said Carpenter (1864), ‘‘ consists of little granules, and is 
contained in minute sacs, covered with a transparent homy lid. 
These sacs are mostly composed of a close network of finely divided 
traohesB ; which also ramify through every part of the granular 
substance.” The lid,” in this phrase, probably implies the 

^ In the larva of a tipulid fly, Bditophila luminoaa (Wlieeler and Williams, 
1916), part of each Malpighian tubule is photogenic. This is an interesting 
modifloation when one realises that the essential feature of the reflector layer 
is insoluble purine crystals. 
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reflector layer. There is a pair of light organs in PyropJmuSy a West 
Indian elaterid, on the lateral tergal margins of the prothorax and 
also a single light organ on the ventral anterior median region of the 
abdomen (Harvey and Stevens, 1928). 

Luminescence is present in the interior of Pyrophorus eggs 
prior to any embryonic differentiation. Dubois (1885) observed 
this to be the cause of the error of some observers who had stated 
that light is given off by the whole body of the adult. This state- 
ment had already been refuted by others who, Dubois considered, 
must have noted only males. The egg of Lampyru, also, emits 
light when within the ovary and freshly laid eggs are luminous. 
The light does not come from luminous material adhering to the 
egg when it is laid, but from within the egg itself (Carpenter, 1854, 
and Harvey, 1919). The larval light-organ persists and glows in 
the pupa and is absorbed only at the time the adult emerges. Now, 
certain prominent biologists (such as Kuhnt, 1907 ; Pierantoni, 1914 
and 1918 ; Bucliner, 1914 and 1926) have claimed that luminescence 
in insects is due to the presence of intracellular symbiotic bacteria. 
Dubois’ (1914) numerous attempts at bacterial cultures were nega- 
tive and Harvey and Hall (1929) banished this notion when they 
found that “ the adult luminous organ developed perfectly from larvae 
having both light organs removed.” The luminous granules in the 
light-producing cells are, therefore, not bacteria but luminous 
substance. There is, however, no reason to assume that bacteria 
play a nil factor in the luminosity of all species of Metazoa. 

Luminescent insects also occur among the Collembola {Lipura, 
Amphorura, Neanura), Neuroptera {Tehganoides, Coenis), Diptera 
{Bolitophila and Ceroplatus larvae), Hemiptera, Lepidoptera and other 
orders. 


(6) Behaviour 

Only luminous bacteria, fungi, and a few fish produce light 
continuously. Other forms emit light at intervals depending upon 
the periods of stimulation (Harvey, 1919). Squeezing Pyrophorus 
elaterids causes the organs to glow brilliantly for a considerable 
period of time (Harvey and Stevens, 1928, and Harvey, 19316). 

In Asia for February 1924 is an article by Carveth Wells on his 
experiences in the Malay Archipelago (Morse, 1924) ; The air 
was full of extraordinary fireflies. About every fifteen minutes 
these flies separating into two armies, one settling on the trees 
growing on the left bank of the river and the other on the right. 
Then, when I had decided that the fireflies had gone to bed for 
the night, the whole army on the left bank gave one big flash in 
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perfect unison, which was immediately answered by one big flash 
on the right. How these flies managed to keep time absolutely 
beats me, but they did so, though there must have been thousands 
of them stretching along the river-banks for a hundred yards or 
more. The illumination was so strong that the branches of the 
trees could be seen quite distinctly.'' In a pai)or read before the 
American Society of Zoologists, Buck (1935 and 1937) described his 
studies on the periodicity and diurnal rhythm in the firefly, Photinus 
pyralis. “ In nature, males of P. pyralis ordinarily flash every 
evening between 7 and 9 p.m. The time of flashing is correlated 
with temperature and light intensity. Males which have been in 
strong light long flash immediately if the intensity is sufficiently 
reduced, regardless of the time of the day, showing that the regular 
evening flashing period can be modified. Males kept continuously 
in darkness do not flash. If, however, they are exposed to weak 
light they flash (regardless of the time of the day) provided they 
have previously been in darkness 24, 48, 72, or 96 hours but not 
if they have been in darkness 12, 30, 60 or 84 hours. If males 
which have been in darkness less than 24 hours are exposed to 
weak light and left in it they do not flash until the sum of the 
time spent in darkness and the time spent in weak light is equal 
approximately to 24 hours. It is thus apparent that there exists 
in the firefly an inherent diurnal periodicity which is manifested 
by periods of flashing which recur at 24-hour intervals and which 
persist for at least 4 days in the uniform environment of the dark- 
room. It is also clear that, although in the field this periodicity 
coincides with the diurnal cycle of changes in light intensity, it 
is not actually linked to any specific hour of the day." By “ in- 
herent " Buck does not mean “ inherited " but implies the 24-hour 
rhythm produced by internal stimuli. It has been noted that 
when Dixippus eggs are placed under constant light conditions the 
adults no longer exhibit any periodicity in the migration of hypo- 
dermal pigment granules (Schleip, 1914, 1920). Similar experi- 
ments are necessary in order to determine whether or not the in- 
ternal stimuli producing the periodical flashing in fireflies is inherited. 
Perkins (1931) found that female larvae and adults of Lampyris 
nociilvm exposed continuously to light stopped glowing about the 
third day, while those receiving diffuse light by day, and those 
in continued darkness continued to glow at the normal hours 
(10 p.m. to 4 a.m.) for about two weeks. A similar periodicity 
thus exists in the Lampyridae. By means of photocell analysis, 
Harvey (19316) observed a rhythmic fluctuation of light intensity 
during the emission of light from the firefly, Pyrophorus. Because 
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of its rapid rate, this fluctuation was attributed to rhythmic nervous 
discharges from a photogenic centre. 

Lampyria noctihica and Photuris pennsylvanica larvae and adults 
can be made to luminesce experimentally by nipping the ventral 
nerve cord and by single induction shocks (Perkins, 1931, and 
Snell, 1931). Brown and King (1931) measured the intensity of 
the light produced by Photuris pennsylvanica as the result of a 
single electrical stimulus. A series of responses follow a single 
stimulus with an increasing time interval between each response 
(Fig. 1) until the responses, declining in intensity, eventually fade 

away. The decreases 
in light intensity 
after a stimulus im- 
])lie8 a difierence in 
the velocity of the 
reaction in the light- 
producing cells 
which, as Brown and 
King consider, can 
depend only on 
differences in the 
concentrations of 
luciferin, luciferase, 
or oxygen ; of two 
of these factors ; or 
of all tlmee factors. 
This consideration 
issues from the fact 
that wo know a 
number of things : 
(1) Molecular oxygen 
is necessary for lumi- 
nescence, i.e. the pro- 
cess is an oxidation ; (2) a substrate, luciferin, is oxidised through the 
agency of an enzyme classified among the aerobic oxidaaes and 
termed luciferase ; (3) according to the phenomena of mass action, 
the velocity of a chemical reaction varies directly with the concentra- 
tions of the reacting components. Owing to the fact that the 
luciferin-luciferase reaction shows a similar relationship in vitro, 
where the oxygen available is constant, to that depicted in Fig. 1, 
Brown and King concluded that the declining concentration of 
the luciferin-luciferase system was the determining factor in the 
“ die-away ” portion of the response. Because, however, of the 
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Fio. 1. — Tho magnitude of the photogenic reaponse 
of Photuris pennsylvanica initiated by a Hingle elec- 
trical stimulus. Ordinate : intensity of flash (units 
unstated). Abscissa: time scale (10 units 0-833 
seconds). (After Brown and King.) 
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much slower decline in luminosity in the above in vitro conditions 
than in the intact animal and because of the facts stated in the next 
paragraph, it is probable that the decline in luminosity in the intact 
animal is due to a decrease in the concentration of oxygen in the 
vicinity of the photogenic cells. 

Why should the luciferin and luciferase components of the 
luminescing cells of arthropods not react all the time and thus 
produce light continuously as do bacterial and fungus luminescent 
cells ? For one thing, the luminescent cells of arthropods are not 
as directly exposed to free oxygen as are bacterial cells. Tliis is 
clearly shown from the fact that exposing the isolated luminescent 
organ of a firefly to air causes the organ to luminesce continuously. 
We have also already noted that flashing can result from nervous 
or direct electrical stimulation. In this connection, the demonstra- 
tions of Wigglesworth ( 1929 , 1930 , 1931 , 1932 ) on the regulation 
of the oxygen supply to the cells of tracheates, by means of the 
movement of fluid in the tracheoles, should l>e borne in mind. 
Now, Snell ( 1931 ) suggested that the control of flashing in insects 
is due to the regulating mechanism of the nervous system on the 
amount of oxygen admitted to the photogenic cells. Variation 
in the intensity of a flash may, under such conditions, be brought 
about by differences in the oxygen supply to the luminescent cells. 
Snell considers that the tracheal end cell is certainly the respon- 
sive mechanism in this control,” but Harvey ( 1919 ) stated that 
‘'it is difficult to determine if the nerves supply the tracheal end 
cells or the photogenic cells.” If, as Wigglesworth seems to have 
clearly shown, the withdrawal of fluid from the lumen of tracheoles 
depends upon an increase in the osmotic pressure of the surround- 
ing tissue fluids, it is difficult to see how nervous stimuli to the 
tracheal end cells could produce such an effect. Possibly, as the 
result of nervous stimuli, the metabolic rate of the photogenic 
cells is raised with the consequent liberation of metabolites. These 
would cause a withdrawal of fluid from the tracheoles of the photo- 
genic cells which, in turn, would supply the cells with more oxygen.^ 
It is interesting to note, at this point, that Kanda ( 19206 ) found 
that the intensity of light produced by a firefly, Lucioh vitticollis, 
is greater when air is introduced after evacuation than when the 
animal had been in air for some time. This may be due to the 
oxygen debt built up by the tissues (including the photogenic cells) 
when in a vacuum. The metabolites (e.gr. lactic acid), caused to 
accumulate because of the anaerobic conditions, would raise the 

* Cogent experimental evidence that such is the case will be presented in a 
forthcoming paper by the writer. 
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osmotio pressure of the tissue fluids and thus cause more air to 
be drawn into the tracheoles. Creighton (1926) found that inject- 
ing a 1 : 1,000 solution of adrenalin into a firefly causes a prolonged 
brilliant glow which persists for several hours after injection- It 
was suggested that the cause of the efi’ect is the contraction of the 
muscle fibres of the tracheal end cells and, through this action, 
the enlargement of the tracheole with a consequently greater supply 
of oxygen to the luminous tissue. Such muscle fibres, however, 
very probably exist only in fancy. The efiect of adrenalin may 
have been duo to a rise in the metabolic rate with a resultant 
liberation of metabolites by the photogenic cells. 

What is the significance of luminescence in the economy of an 
animal ? After reviewing the literature on the subject, Gazagnaire 
(1890) came to the conclusion that the intensity of luminescence 
in geophilid chilopods is intimately correlated with the time of 
sexual activity. Carpenter (1854) had already remarked that the 
same holds true for insects. The increase in the intensity of 
luminescence at such a time may be due to a raised rate of meta- 
bolism at this time ; or, in the words of Carpenter, ‘‘ the activity 
of this combustion is stimulated by anything which excites the 
vital functions of the individual.’’ The notion that luminesoenoe 
has a secondary sexual function in chilopods has already been 
banished (see Maloeuf, 1937). In fireflies, on the other hand, the 
case is evidently different. Thus, according to Mast (1923), “ the 
female (firefly) in response to a flash of light produced by the 
mole turns the ventral surface of her abdomen toward him no 
matter where he may be located ; and the male in response to a 
flasli of light produced by the female, turns and flies or walks 
directly toward her no matter where she may be located. In 
both, the extent and the direction of turning, i,e, the character of 
the reaction, depends upon the location on the retina of the image 
produced by the flash.” 8e also Osten-Sacken (1861). 

(c) Chemical Phenomena 
1. Luminescence an Oxidative Process. 

“The phosphorescence,” wrote Carpenter (1864), concerning 
luminescence in fireflies, “appears to be occasioned by the slow 
combustion of a peculiar organic compound, the production of 
which is dependent for its continuance upon the life and health 
of the animal ; the activity of this combustion is stimulated by 
anything which excites the vital functions of the individual, and 
it is particularly influenced by the energy of the respiratory process. 
If the opening of the trachea which supplies the luminous sac be 
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closed, so as to check the access of air to its contents, the light 
ceases ; but if the sac be lifted from its place, without injuring 
the tracheae, the light is not interrupted. In all active movements 
of the body, in which the respiration is energetic, the light is pro- 
portionately increased in brilliancy. If the luminous segments be 
separated from the rest of the body, they continue phosphorescent 
for some time.” Carpenter thus definitely established for insects 
what Boyle (1667) had discovered approximately two centuries 
earlier for bacteria, namely, that air is necessary for luminescence. 
Ofsianikof (1863), also, found that the luminosity of Lampyris 
noctiluca ceases in vacuo but recommences on the re-admission of 
a little air and becomes very dull in an atmosphere containing an 
excessive amount of carbon dioxide. Temporary immersion in 
glycerin also caused a cessation of luminescence possibly due to 
a plugging of the spiracles. The condition was quite reversible, 
however, upon washing with water, in which glycerin is soluble. 
The work of Dubois, of Kastle and McDermott (1910) and 
of Harvey (1916o and 1920) on in vitro aqueous suspensions of 
extracted luciferin-luciferase all goes to show very definitely that 
oxygen is directly necessary for luminescence. Contrary results 
were presented by Kanda (1920a) who noted that the intensity 
of light produced by an aqueous suspension of luciferin-luciferase 
from the Japanese ostracod, Cypridina hilgendorfii (Kanda, 1 920a), 
is strongest and lasts longest in water saturated with hydrogen 
from which other gases, including oxygen, had been discharged. 
The intensity of light produced by a luciferin-luciferase sus- 
pension of this animal was weakest and lasted least in water 
saturated with oxygen. Although Kanda admitted that very little 
oxygen might have been present in spite of elaborate precautions, 
he boldly concluded that the production of light by Cypridina 
hilgendorfii is not the result of oxidation. Four years prior to 
Kanda’s work, Harvey’s (1916a) experiments, in which oxygen 
was replaced by hydrogen, showed that oxygen is necessary for 
light production in Cypridina hilgendorfii. Harvey, then, also 
called attention to the fact that every otW organism studied was 
found to require oxygen for luminescence. In reply to Harvey’s 
criticism, Kanda (19206) endeavoured to justify his previous results 
by checking his technique on a Japanese firefly, Luciola vitticoUis. 
In this form, no light was produced by the isolated photogenic 
organs in an atmosphere of pure hydrogen or nitrogen, or in a 
vacuum. The intensity of light was greatest in an atmosphere of 
pure oxygen. Kanda thus concluded that his technique was sur- 
passingly faultless and that the production of light by L, vitticoUia 



SCIENCE PROGRESS 


236 

is the result of oxidation while that in Cypridina is not. Biologists 
were now faced by a new enigma — that of finding out why Cypridina 
can luminesce without oxygen while this phenomenon in Luciola 
imperatively requires oxygen. That this problem was only man- 
made soon became apparent when Harvey (1920) showed that 
Kanda’s technique was not without blemish. All traces of the 
oxygen usually present in commercial hydrogen gas were removed 
by passing the hydrogen over hot platinum coil. Under such 
conditions the oxygen present as an impurity, combines with an 
equivalent amount of hydrogen and forms water. When gaseous 
hydrogen so treated was xised, all light production by C. hilgendorfii 
completely disappeared. ‘‘ The luminescent secretion of Cypridina 
hilgendorfii will still give off much light if hydrogen containing 
only 0-4 per cent, oxygen is bubbled through it. . . . At 7 mm. 
of oxygen (i.e. 1 vol. per cent.) the light of Cypridina is as bright 
as if the solution were saturated with air (152 mm. oxygen) 
(Harvey, 1919). In 1923 Harvey and Morison described a method 
for measuring the concentration of oxygen to allow just perceptible 
luminescence of luminous bacteria. The value was 1 part by weight 
of oxygen dissolved in 37 x 10® cc. of sea water. Shapiro (1934) 
studied the light intensity of luminous bacteria as a function of 
oxygen pressure. 

Alkali, within limits, favours the oxidation of luciferin to oxy- 
luciferin with the resultant production of light, while acid favours 
the reduction of oxyluciferin to luciferin with the consequent ex- 
tinction of the glow (Harvey, 1919). These facts are in accordance 
with oxidations and reductions in general. Harvey considered 
the change similar to the oxidation and reduction of methylene 
blue. It may be represented thus : 

(light) 

(oxidaiitH) 

(luciferaeo) 

+ iO, L + H,0 + light 

(reduotantft) oxy- 
(darkness) luciferin 

(light) 

(oxidants) 

MBHg 4" JOg 1 MB 4 H|0 4 light 

reduced (reduotante) methylene 

methylene blue (darkness) blue 

The oxidation of luciferin of the beetle, Pholaa, with the production 
of light, can be produced without the agency of luciferaae and 
merely ” by the addition of an inorganic oxidant such as potassium 


LH, 

luciferin 
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permanganate. Aluminium, zinc, or magnesium powders or other 
inorganic reducing agents will reduce oxyluciferin to luciferin as 
they will reduce methylene blue to the colourless compound. In 
both cases the reactions are reversible. 

The activity of aerobic oxidases is destroyed by cyanides above 
certain concentrations. On the other hand, the activity of anaerobic 
oxidases, that is oxidases which do not accelerate oxidations pro- 
duced by molecular oxygen (t.c. dehydrogenases) are not aflFected 
by cyanides. Luciferase is quite evidently an aerobic oxidase and 
we would, therefore, expect its activity to be demolished by 
cyanides. While N/20 KCN does not extinguish the luminescence 
of Cypridinay it lessens its brightness (ix, presumably lessens the 
mass of active luciferase). Dilutions of N/250 to N/lOO KCN do 
not affect the intensity of illumination of a Cypridina lucdferin- 
luciferase suspension appreciably (Harvey, 1916a and 6). The 
cause of the almost nil effect of KCN on the action of this aerobic 
oxidase is problematical. 

2. Luoifbeins and Lucifeeases 

(a) Properties . — To Dubois belongs the credit for first discovering 
the presence of the substrate, luciferin, and the enzyme, luciferase, 
involved in luminescence. In 1885, he found that even an aqueous 
extract of the photogenic organ of a lampyrid beetle will luminesce 
in the presenc'e of oxygen. It was thus shown that cellular struc- 
ture is not essential for the production of light and that the latter, 
therefore, is not a vital ” function. Such an extract, however, 
was continuously luminescent so long as it endured, there being 
no periodicity in the production of light. From what has been 
said concerning the oxygon supply the reason for this is quite 
apparent. It was also first shown by Dubois (1887a and b) 
that the production of luminescence requires the presence of at 
least four substances, one of which had been recognised to be 
oxygen. Two separate solutions were obtained from an aqueous 
extract of the photogenic organs of fireflies. Upon dialysis through 
celloidin neither the dialysate nor the residual solution luminesced. 
When both solutions were again mixed light was produced. This 
at once established the presence of at least two distinct substances. 
The substance in the residual solution was destroyed at tempera- 
tures of 60° C. or above and was soluble in water but not in petroleum 
ether or benzene. The substance in the dialysate was relatively 
thermostable, and soluble in water, petroleum ether, or benzene. 
Dubois thus termed the substance in the dialysate “ luciferin ’’ 
and that in the residual solution luciferase ” since he soon observed 
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that the latter substance exhibited the properties of an enzyme 
(t,c. a protein with catalytic properties). 

The fourth substance required for luminescence is water. Kastle 
and McDermott (1910) dried the photogenic material of a firefly 
in vacuo, over concentrated sulphuric acid. In the dry state no light 
was emitted. After keeping the material quite dry for over thirteen 
months luminescence was produced upon moistening with water. 
Similar results were obtained by Harvey (1916o) on Cypridina 
hilgendarfii. The photogenic substances (luciferin and luciferase), 
oxygen, and water, are thus necessary for the production of lumin- 
escence in organisms. 

There was a time when Harvey (1916(x) contradicted Dubois’s 
work at its very foundations by considering that, contrary to 
Dubois’s conception, luciferase itself is the source of light and is 
not an enzyme causing light production by the oxidation of luciferin. 
Harvey’s statements grew from experiments in which light was 
obtained from Cypridina luciferase by substances incapable of 
oxidation (e.g. pure sodium chloride, magnesium sulphate, chloro- 
form, ether, oleic acid, and pilocarpin — all in aqueous solution). 
Harvey thereby adopted new names after deciding that those of 
Dubois were unfit: (i) “ Photogenin ” (= luciferase of Dubois), 
or the light producer, and (ii) “ photophelein ” ( — luciferin of 
Dubois), or light assister. While Harvey was busy criticising 
Kanda on the oxidative nature of animal luminescence, Kanda 
also, quite successfully, was having his turn. Thus, Kanda ( 1920 ) 
found that Cypridina luciferase, when mixed with a pure aqueous 
solution of chloroform, ether, sodium chloride, or magnesium 
sulphate, never produces light. Kanda’s criticism, however, ap- 
peared two years late, since Harvey (1918), upon further work with 
Cypridina, had already readopted Dubois’s terms of luciferin and 
luciferase. Harvey’s error concerning this matter lay in the manner 
of his preparation of a luciferin-*' free ” solution. He allowed 
a luciferin-luciferase solution to stand in air till all light ceased 
when he assumed that the luciferin was consumed, for light was 
not produced until further luciferin was added. Upon the Edition 
of sodium chloride, magnesium sulphate, ether, or chloroform (a 
fine array of different substances) to the solution in which the 
luciferin was supposedly consumed, light was again produced. It 
was later found, however, that a luciferase solution separated firom 
luciferin by dialysis did not act in this manner. Harvey ( 1918 ), 
therefore, concluded that luciferin probably consists of two sub- 
stances, one of which is set free to be acted upon by luciferase when 
sodium chloride, magnesium sulphate, ether, or chloroform ore added. 
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There are luoiferins and luciferases. Thus, luoiferin from the 
firefly, Photuris, will produce light with luciferase from the firefly, 
Pyrophorus, and vice versa. But the luciferin and luciferaee of 
Cypridina, an ostracod, will not produce luminescence with firefly 
luciferase or luciferin, respectively. Cypridina luciferin, further- 
more, differs from that of Pholas (a beetle) in that the latter will 
oxidise with light production when acted upon by various oxidising 
agents tried (e.g. potassium permanganate, hydrogen peroxide, 
oxyhsemoglobin, but not with nascent oxygen in the absence of 
luciferase) and will not emit light with Pholas luciferase. Extracts 
of many non-luminous animals will oxidise Pholas luciferin with 
light production, but not do so with Cypridina. luciferin (Harvey, 
1919 and 1928). Luciferin of the shrimp, 8ystella8pis,will not give 
light with luciferase of the ostracod, Cypridina, nor will Cypridina 
luciferin luminesce with the luciferase of Systellaspis (Harvey, 
1931o). 

Plants also, apart from bacteria, contain luciferases, for “ if 
one mixes a test tube containing p 3 Togallol solution + hydrogen 
peroxide with potato or turnip juice or almost any plant extract, 
a yellowish luminescence appears. The plant extract loses the 
power to cause such luminescence on boiling and the peroxidase 
will not dialyse. It is, of course, comparable to luciferase and 
acts on the thermostable, dialysable pyrogallol-hydrogen peroxide 
mixture, which is comparable to luciferin. . . . Although many 
hydroxy-phenol and amino-phenol compounds can be oxidised by 
peroxidase and hydrogen peroxide, only pyrogallol and gallic acid 
will oxidise with light production ” (Harvey). 

Table I represents Hajvey’s (1919) summary of his studies on 
the properties of the luciferin and luciferase of Cypridina hUgen- 
dorfii. His results have been confirmed by Kanda (1921 and 1924). 
Luciferase exhibits very definitely protein properties, or “ if 
luciferase is not a protein it is so closely bound up with a protein 
that it cannot be separated.” This quotation can be said to represent 
our present state of knowledge conoeming all enzymes, although 
Sumner (1936 and 1937) and Northrop (1937) appear to have shown, 
in the case of urease, pepsinase, trypsinase, catalase and amylase, that 
the protein itself is the enzyme. Harvey estimated that 1 gm. of a 
luoiferase omi aooeleiiiate the oxidation of 10,000 gm. of luciferin. 
The &ot that the activity of luciferase is gradually demolished in 
the reaction does not prevent its being classed among the organic 
catalysts (enzymes). Enzymes, in general, are gradually used up 
in the leaotions they generate and accelerate. The chemical nature 
of luoiferin is not as yet determined (Anderson, 1933, 1936, 1936) in 
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TABLE I 

Pbopbetibs of Lucifbrase and Luciferin 
{from the work of Haroey on Cypridina) 


Property. 

Luciferase. 

Lu(;iferin 

(more simple than luciforaae). 

Salting otU : 



Saturation with NaCl 

Not procipitale<l 

Not precipitated 

1 Baturation with (NH 4 )gS 04 . 

Slightly precipitated 

99 f 9 

Saturation with (NH 4 )aS 04 . 

Completely precipitated 

Nearly completely pre- 
cipitated 

Solubility : 



Ethyl alcohol 90% . 

Insoluble 

Soluble 

70% . . . 


99 

.. r>o% . . . 

Slightly Holuble 

9 9 

Acetone 90% .... 

Insoluble 

Insoluble 

Ether 


Chloroform 



Xylol 

„ 

99 

Alkaloidal reagents : 



PhosphotungHtic acid 

Completely procipitateil 

Very nearly completely 
precipitate<l 

Picric acid 

Nearly precipitated 

Not precipitated 

Heasfy metal salts : 



Ba8io lead acetate 

Completely precipitated 

Not completely pre- 
cipitated 

Acids and alkalis : i 



NaOH 1 

Trichloracetic acid . . . j 

Not precipitated 

Not precipitated 

HCl, after 10 hr. boiling . j 

Destroyed 

Hydrolysed 

Heat : | 



60° C 

Irreversibly destroyed 

Not destroyed 

Boiling 1 

»• »# 

99 99 

Boiling with 4% HaS 04 for 

Destroyotl 

99 99 

10 hr. 

Do. for 24 hr. with 4% 11,804 

Destroyed 


»» 

Enzyme action : 


Trypsin, eropsin, amylane, 
urease, sucrase, pepBinaee. 
rennin 

Destroyed only by 
pepsin (?). by tryp- 
sin, erepsin, and 
something in spleen 
and liver extracts 

Not destroyed 

Biuret reaction 

Positive 

Negative 

Dialysis 

Will not dialyse 

Will dialyse through 


through colloidin 

celloidin 


spite of the statement of Kanda (1930) that it is a phospholipid. 
Nearly complete precipitation by a saturated solution of ammonium 
sulphate or phosphotungstic acid, insolubility in fat solvents and 
hydrolysis by prolonged boiling with hydrochloric acid, indicate 
protein properties. On the other hand, solubility in concentrated 
alcohol and acetone, non-digestibility by proteolytic enz 3 rmes, and 
the absence of a biuret reaction are not protein characters. 
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(6) Distribution in an Organism . — ^While luciferin is apparently 
found in various tissues of Cypridina hUgendorfii, luciferase is strictly 
localised in the photogenic cells (Harvey, 1910). This is in contrast 
with the phenomena of melanin formation in the elytra of Leptino- 
taraa beetles, where the enzyme tyrosinase is distributed but the 
substrate localised (Gortner, 1911). Luciferin, but not luciferase, 
is also found, according to Harvey (1916o), in non-luminous species 
of Cypridina. On the other hand, Kanda (1920) disagreed with 
Harvey but agreed with Dubois by finding luciferin solely in the 
photogenic cells of Cypridina and not in non-luminous species. 
The apparent presence of luciferase in plants, as indicated by the 
experiments of Harvey, and the substitution of pyrogallol -f hydro- 
gen peroxide for luciferin is, in this connection, noteworthy. 

(d) Physical Phenomena 

1. Efficiency in Light Production. — In the Philosophical Trans- 
actiona of the Royal Society of London for 1671, Vol. I and page 603 
is a brief article bearing the authorship of John Templer and the 
title, “ Some Observations concerning Glow-worms.” The note 
runs thus : “ Mr. T. also persuaded himself that ho perceived a 
degree of heat from the insect, when shining in its fullest splendour.” 
In contrast to the foregoing statement we have the following in 
a semi-popular recent article by Parlin (1936) : ‘‘ The ratio between 
the intensity of the light (of a foefly) thus produced and the amount 
of matter oxidised is the largest known to science, the efficiency 
being better than 95 per cent. The best man-made light is less 
than one per cent. 1 Most of the energy in the latter case is 
radiated in the form of heat. . . . How the firefly can radiate 
‘ cold light,’ free from the enormous amount of heat which is 
present in all man-made sources of light, is a problem which has 
baffled science for many years, and its solution will revolutionize 
our lighting industry.” 

The efficiency of a light source can be defined by : (i) The per- 
centage of visible wave-lengths in the total amount of radiation 
emitted, i.e. the amount of visible radiation emitted diAdded by the 
total (heat, visible, and actinic) radiation ; or (ii) by the amount 
of light produced in relation to a given expenditure of energy 
(Harvey, 1919). Both definitions are identical. Since an additional 
amount of heat evolved by a firefly during luminescence could not 
be measured even by use of most refined technique (Langley and 
Very, 1890 ; Langley, 1902 ; Coblentz, 1912) and since photo- 
graphy has shown that all the light waves emitted are within the 
visible region (see below), the efficiency of light production in a firefly 
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is very close to 100 per cent. In view, however, of the facts that 
oxygen is directly necessary for luminescence, that all oxidations are 
exothermic, and that the postulation of synchronous endothermic 
reactions during luminescence is quite uimecessary, it is intellectually 
unsatisfying to believe in an efficiency of 100 per cent. Some heat, 
no matter how small, must be lost. We should here learn a lesson 
from the attempts at the measurement of heat evolution from nervous 
tissue — a very appreciable quantity which, until fairly recently 
(Downing, Gerard, and Hill, 1926), was considered nil (Bayliss, 1916). 
Reactions accelerated by enzymes are very efficient and only in a very 
few cases has the amount of heat evolved as the result of enzymatic 
action been capable of measurement. At this point, Franklin’s 
statement, “ being only discovered when separating,” mentioned at 
the beginning of this article is noteworthy. When we know how 
enzymes accelerate reactions we shall be more prepared to ” revolu- 
tionize our lighting industry ” by producing light in similarly 
efficient fashion on a large scale. It is remarkable that the re- 
searches of relatively obscure men in small laboratories have, from 
time to time, yielded results of deepest consequence. Luminescence 
which is the outcome of the accelerating agency of enzymes has 
been termed bioluminescence. 

2. Intensity of the Light. — In an in vitro suspension of luciferin- 
luciferase, the intensity of light varies directly with the concen- 
tration of the suspension. Even as little as one gram of the dry 
photogenic material of Cypridina hilgendorjii will yield visible light 
when suspended in 1,700,000,000 gm. (or c.c.) of water (Harvey, 
1916a). The maximum brightness of one of the prothoracic light 
organs of the intact firefly, Pyrophorus, is 0 0002 candle at 20® 0. 
(Harvey and Stevens, 1928). Coblentz (1912) recorded an intensity 
variation for the flrefly, Photinus pyralis, varying between 0-020 and 
0*0025 candle with the predominating value at about 0*0026 candle. 
This insect will sometimes glow steadily with a glow as low as 
0*000020 candle in intensity (Harvey, 1919). The average bright- 
ness of a Pennsylvania firefly is 0*00067 candle (Parlin, 1 936) , During 
the Spanish-American war, Colonel Gorgas, according to Parlin, 
” used the light from a bottle of fireflies to carry out on operation.” 

The light intensity produced during luminescence is measured 
by a very sensitive photoelectric cell and compared with that of 
a standard lamp. 

3, Wave-lengths Represented,— M light waves emitted by the 
luminescence of a firefly, Photinus^ are within the range of the 
visible spectrum. The light produced by this animal extends only 
to the beginning of the blue, forming a band extending through the 
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red to the end of the green with a wave-length range of 6700 A. to 
6100 A. (Harvey, 1919). See also Young (1870), Langley and Very 
(1890), Ives (1910), and Ramdas and Venkiteshwaran (1931). The 
light of various species is not all of the same wave-length consistency. 
“ When luciferase and luciferin of two species of ostracods having 
different coloured luminescences are intermixed, the resulting 
luminescence is determined by the animal supplying the luciferase. 
In the firefly and in ostracods, increase in temperature shifts the 
colour of the luminescence toward the longer wave-lengths,” i.e. 
towards the red (Polimanti, 1911, and Harvey, 1924). 

Summary 

1. A luminescent body is one which radiates light at a low 
temperature and whose light is not the result of the absorption of 
radiant energy. 

2. Among arthropods luminescence occurs among various crus- 
taceans, insects, centipedes, and millipedes. 

3. Luminescence is controlled by the oxygen supply to the 
luminescent cells. As the result of nervous stimuli (which are often 
periodical), the metabolic rate of the photogenic, cells is raised wit h 
the consequent liberation of metabolites. The latter, by raising the 
osmotic pressure of the tissue fluids, cause a withdrawal of fluid 
from the trachcoles of the photogenic cells and, thus, supply the cells 
with more exygen. 

4. Unlike centipedes, luminescence in beetles evidently serves 
for sexual attraction. 

6. Luminescence is an oxidative process normally caused by 
the action of an aerobic oxidase (luciferase) upon a substrate (luci- 
ferin) of as yet undetermined chemical constitution, in the presence 
of oxygen when the substrate is in solution. 

6. There are several luoiferins and luciferases, which do not 
necessarily interreact. 

7. Since luminescence itself liberates no apparent heat and is not 
accompanied by the discharge of any other form of energy apart 
from visible light, it is apparently 100 per cent, efficient. While 
this testifies to the marked efficiency of enzymatically performed 
reactions, some additional heat, however, no matter how small 
and inappreciable, must be lost during luminescence. 
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STRUCTURE OF ORGANIC MOLECULES 
BY X-RAY ANALYSIS 

By J. MONTEATH KOBERTSON, M.A., Ph.D., D.Sc. 

Davy Faraday Laboratory, Royal hutUution, London 

Thk immense variety of the compounds of carbon is due to the 
capacity that element has of combining with itself as well as with 
other elements. Early in the history of organic chemistry, how- 
ever, it was recognised that the character of a compound depends 
upon the arrangement of the atoms in the molecule, as well as upon 
their relative numbers. Thus although ethyl alcohol and dimethyl 
ether have the same molecular formula, the substances have entirely 
different properties. With the work of van’t Hoff, the idea of the 
comparatively rigid, tetrahedral distribution of valencies in the 
carbon atom was introduced, and the subject of structural chemistry 
rapidly built up. The central problems became the determination 
of the space arrangement of the atoms in the various kinds of 
molecules, and the subsequent syntheses of these molecules from 
the elements. 

The object of X-ray analysis is also to find how atoms are 
arranged in space. When a beam of X-rays is made to pass through 
a crystal of any substance, the molecules in regular array act as 
a diffraction grating. By measuring the positions of the diffracted 
rays and making use of the known wave-length of the radiation, 
the distances between the molecules in the crystal can be calcu- 
lated, and so we can get a rough idea of their size and shape. But 
the intensities of the various orders of the diffracted beams depend 
upon the detailed structure of the grating, that is, upon the way 
in which the atoms are arranged in the molecule and the molecules 
grouped together. In X-ray analysis we try to discover this 
arrangement from a study of the intensities of the diffracted X-ray 
beams. The structural problem is thus similar to that of organic 
chemistry, but the experimental data from which the investigator 
works are radically different in the two oases, and so it is of par- 
ticular interest to see how the results correspond. 

In this article we consider first the relation between the struo- 
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toral formulae of organic chemistry and the information that can 
be obtained by X-ray analysis of the crystalline compounds. The 
X-ray method is then described in more detail, and examples are 
given of some structures recently determined in this way. 

It should be said at once that so far there is no absolutely 
direct method known for solving the X-ray problem in the general 
case. But in special cases and by various means a solution can 
be obtained, and one thing is quite clear. When an arrangement 
of atoms is suggested, by whatever indirect means, as the structure 
which exists in the crystal, then this structure can immediately be 
tested to see whether it is correct or not, and if it is correct there 
is no doubt about it. The number of atoms in the smallest un- 
symmetrical portion of the crystal may be large, and the position 
of each atom is determined by three co-ordinates. This gives the 
number of parameters which define the structure. But the intensity 
of every ray difiracted by the crystal defines a relation existing 
among these parameters, and the number of diffracted rays which 
can be measured from any crystal is always very much greater than 
the number of atoms in the unit of pattern. Although the number 
of parameters may be large, it follows that the number of equations 
defining those parameters is still larger, and so when a possible solu- 
tion is suggested there need be no doubt as to whether it is correct. 

At first it might be thought that when a chemical structure is 
suggested for any compound, its correctness might be immediately 
tested by X-ray methods, if crystals are available. The matter is 
not quite so simple as this, for two reasons. In the first place the 
structural formula expresses a relaiive space arrangement of the 
atoms in the molecule. It does not give the distances between the 
atoms, and what is more important, as rotation is possible about 
non-cyclic single bonds, it cannot in general give an absolute con- 
figuration for the molecule. The molecule is usually quite a flexible 
affair, and what its exact shape will be when packed into a crystal 
cannot be foretold. In the second place, the smallest unit in the 
crystal may consist not of one molecule but of a group of molecules 
arranged together. And even in the simplest case, if the crystal 
unit consists of one rigid molecule of known configuration, we have 
still to consider the orientation of this molecule with respect to the 
crystal axes to which the co-ordinates of the atoms can be referred. 

In spite of these difficulties the X-ray method has already been 
extensively used as a way of testing the general validity of pro- 
posed structures for organic compounds. It is chiefly applicable 
to structures containing closed ring S3rBtemB where the possible 
configurations of the molecule are limited, and in these cases the 
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moBt elementary measurements of the distances between identical 
molecules in the crystal, giving the size of the “ unit cell ” which 
contains the molecule, are sometimes sufficient to decide between 
alternative formulse. The results arc even more valuable when 
combined with information obtained from other physical proper- 
ties of the crystals. Good examples of such work are to be found 
in Bernal and Crowfoot’s investigations on the structure of the 
sterols [1] and Iball’s work on the carcinogenic hydrocarbons [5]. 

In this article, however, we shall be more concerned with those 
exact determinations of structure by X-ray analysis where the 
position of every atom has been found. In most of these cases 
the structural formula was already known by chemical methods, 
and in every case the X-ray analysis has confirmed the correctness 
of the chemical result. When we consider the vast progress of 
organic chemistry during the past hundred years and the innumer- 
able structures which are accurately known, there may seem little 
chance of the X-ray method breaking new ground in this direction. 
The structures still unknown or in considerable doubt are nearly 
all very complicated ones. Had X-ray analysis been invented half 
a century earlier, the history of chemistry might have been dif- 
ferent. As it is, however, very considerable progress has been made 
in the technique of X-ray analysis in a comparatively short time, 
and it seems quite a reasonable expectation that in the future 
X-ray methods may at least considerably supplement, if they do 
not supersede, the anal 3 d;ical methods of organic chemistry where 
complicated structures are concerned. The forces of organic 
chemistry could then be concentrated more directly on problems 
of synthesis. 

"The application of X-ray methods to complex unknown or 
partly known structures is one direction in which advance may be 
made. Another lies in the really detailed and accurate study of 
quite simple and chemically well-known structures. During the 
last ten years great progress has been made in the theoretical study 
of molecular structure by quantum mechanics [13]. The theory of 
valency has received a new and somewhat less empirical expres- 
sion, and the properties and stability of certain compounds can to 
some extent be explained in terms of the new conceptions. But 
for any quantitative test of the new theories it is of the utmost 
importance to know accurately the distances between atoms, and 
how this distance varies when the atoms are held together by the 
different kinds of valency bonds recognised by chemistry. Purely 
chemical experiments cannot give such information, but this is 
precisely what is provided by quantitative X-ray analysis. 
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Before describing some of the recent results, we must consider 
the X-ray method a little more closely. For details reference should 
be made to the standard works of the Braggs, Compton, Wyckoff, 
and others, and to a forthcoming article in the Physical Society’s 
Reports on Progress in Physics, Vol. IV. 

The crystal consists of a regular tlnee-dimensional array of 
identical units, and each of these units may be an atom, a molecule, 
or as is most usual, a small group of molecules related by certain 
symmetry operations. For the present we may think of this 
crystal unit as being simply a single molecule, whose structure we 
wish to investigate. If we choose some definite point or atom on 
this molecule, then this point together with the corresponding 
points on all the other identical molecules form a space lattice. 
The crystal planes to which wo shall refer are simply planes drawn 
to pass through a number of these lattice points, and the spacing 
of any plane is the shortest distance between two identical planes. 
Such planes can be drawn in all directions, and in fact they form 
an infinite series, of smaller and smaller spacing, as the distances 
between the lattice points through which they are drawn become 
greater. 

When an X-ray beam passes through the crystal each molecule 
scatters some of the radiation in all directions. But owing to the 
regularity of the structure there are certain directions, which make 
definite angles with the direction of the incident beam, along which 
the scattered rays reinforce each other by the principle of optical 
interference and finally build up a diffracted beam of measurable 
intensity. This happens when a oertsdn integral relation connects 
the wave-length of the radiation, h, the spacing of the plane, d, 
and the angle of incidence of the rays 0. This is the well-known 
Bragg law 

= 2d sin fi, 

n being the order of the diffraction. The diffracted beam is usually 
called a “ refiection,” the angle which it makes with the crystal 
plane being the same as the angle of incidence of the original or 
primary beam. 

To derive the above relation, which enables us to measure the 
distances between the planes, or between layers of identical mole- 
cules, we need consider only the wave scattered by the molecule 
as a whole. This wave, however, is a composite disturbance, made 
up from the contributions scattered by all the electrons in the 
molecule. Under the influence of the incident beam each electron 
radiates a wave, and the wave we have been considering as scattered 
by the whole molecule is actually compounded from the wavelets 
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scattered by all the electrons in the molecule. Now if all these 
electrons were concentrated at a point, or lay exactly on the crystal 
plane, the component wavelets would reinforce each other and the 
resultant intensity would be a maximum. Actually, as the elec- 
trons are spread about in the molecule, some of the component 
wavelets are cancelled out or partially cancelled out by interference, 
and the resultant intensity is reduced. The more diffuse the dis- 
tribution, the smaller the resultant intensity will be. In a single 
atom, for example, most of the electrons are concentrated in a small 
space near the centre, and in simple strucjtures where a single atom 
is the crystal unit the intensities of the diffracted beams are high. 
But if we increase the temperature, the thermal movements of the 
atoms effectively spread out the distribution to some extent and 
the intensities of the diffracted beams decrease. 

We see, therefore, that these intensities give a measure of the 
extent to which the scattering matter, or electrons, are distributed 
in the structure. A mathematical relationship can be established 
between the distribution of scattering matter in the structure and 
the intensities of the diffracted beams, which was first pointed out 
by Sir William Bragg in 1915 [3]. We have seen that the crystal 
is essentially a periodic structure, built up by the repetition of 
identically arranged molecules in all directions. This periodic 
medium can therefore be analysed by Fourier’s method into a series 
of harmonic terms, the periods of the terms corresponding to the 
spacings of all the possible crystal planes. It can then be shown 
that the amplitudes of the various terms are related to the intensi- 
ties of the X-ray reflections from the crystal planes. By measuring 
the intensities of the X-ray reflections it is therefore possible to 
evaluate the coefficients in the Fourier series. Considerable diffi- 
culties are involved, because the relation between the measured 
intensity and the absolute value of the Fourier series coefficient is 
not a simple one. A large amount of experimental and theoretical 
work has been done on the subject, however, and the coefficients 
can generally be evaluated. 

When this stage has been reached, it is not yet possible to sum 
the series and so calculate the electron distribution in the struc- 
ture. We still require to know the relative phase constants of 
the different terras. Unfortunately, the X-ray method can not in 
general supply this information directly. The reflections are re- 
corded separately, with the crystal in different positions, and so 
there is no direct way of measuring the phase constants in the 
case of a single crystal. But these unknown phase constants are 
often restricted to certain definite values by the symmetry of the 
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crystal. If the unit of structure has a centre of symmetry, for 
example, then each term in the Fourier series which represents the 
structure must conform to this symmetry, that is, either a peak 
or a trough of each of the component sinusoidal distributions of 
density must coincide with the centre of symmetry. These two 
possibilities are taken into accoimt by attaching a positive or 
negative sign to the coefficient. 

The difficulty of determining these unknown signs or phase 
constants can be overcome in various ways. We may assume that 
the structure is built up from atoms, where the density is highly 
concentrated. The chemical evidence will tell us the number and 
kinds of the atoms present, and the magnetic and optical proper- 
ties of the crystal may indicate c^ertain likely arrangements. Various 
possible structures can then be tested until a certain agreement is 
obtained between the measured and calculated values of the X-ray 
intensities. This roughly determined structure may be quite suffi- 
cient to decide between the alternative possible values of the phase 
constants, down to quite weak reflections, and a Fourier synthesis 
of the structure can then be carried out, using the measured ampli- 
tudes and the calculated phase constants. The results will give 
quite an accurate picture of the structure and the positions of the 
atoms can be settled with some certainty. If still more accuracy 
is required, the phase constants may be calculated again from these 
new results, and a few more weak terms can be included in the 
series. The synthesis can then be repeated. By a process of suc- 
cessive approximation we thus become independent of the precise 
details of the initial assumptions made about the structure, and 
the final result is virtually an X-ray picture of the molecule. Other 
more direct methods of analysis are occasionally possible, and we 
shall refer to some of these later. 

The complete expression of the structure is given by a three- 
dimensional Fourier series whose terms correspond to all the pos- 
sible crystal planes. Such a series is difficult to evaluate numerically 
owing to the large number of terms, and so in practice a two-dimen- 
sional series is usually employed, which represents a projection of 
the structure in a given direction. The coefficients in such a series 
correspond to the reflections from all the crystal planes which are 
parallel to the axis along which the projection is made. In such 
projections of a structure some atoms are often hidden behind 
others, but the complete structure can usually be worked out by 
piecing together the results of two or more projections along different 
crystal axes. 

We may illustrate the application of this method first by refer- 
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enoe to some aromatic hydrocarbon structures which have been 
determined in recent years [15, 16]. Although such molecules are 
complicated by reason of the large number of atoms which they 
contain, the possible configurations are limited by the chemical 
structural formula and it has been possible to determine the precise 
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positions of the atoms in many cases by X-ray methods. The 
earliest determination of this kind was that of hexamethylbenzene 
by K. Lonsdale in 1929 [10], which did not, however, make use 
of the Fourier series method. 




Fia. 4. — Stiibene. 


Figs. 1-4 show the projections obtained by the use of double 
Fourier series in the case of durene C,H,(CH,) 4 , naphthalene C,,H„ 
dibenzyl C,H..CH ,.CH,.C.H., and stilbene C,H..CH =CH.C.H,. In 
each case the electron density is calculated by summing the double 
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series at many points taken close together on the projections, and 
the results are shown by drawing ox)ntour lines to pass through 
points of equal electron density. The first contour line is dotted 
and represents a density of approximately one electron per square 
Angstrom unit, and the other linos are drawn at unit intervals. 
The highest peaks therefore represent densities of 6 or 7 electrons 
per A*. The groups of molecules are drawn to show their relative 
orientation. The structures are, of course, continued indefinitely 
in a similar way in all directions. 

In durene (Fig. 1) there is no difficulty in identifying the six 
carbon atoms that form the benzene ring, and the four symmetrically 
attached methyl groups. (Individual hydrogen atoms do not appear 
on the maps as their scattering power for X-rays is too small.) 
The complete structure of this crystal and the others shown were 
worked out by studying other zones of reflections and other pro- 
jections at right angles to these. It was then found that all the 
atoms in the durene and naphthalene molecules lie quite accurately 
in one plane, but that this molecular plane is inclined at a large 
angle (about 50° in durene, and about 60° in naphthalene) to the 
plane of the projection given in these diagrams. As a result some 
of the atoms, for example, the end pairs in the naphthalene mole- 
cule, are so close together in the projections that they are not 
separately resolved but coalesce to form oval concentrations of 
density. The positions of the centres, however, can still be esti- 
mated with considerable accuracy. The actual maps from which 
the measurements are made are prepared from the Fourier summa- 
tion totals by graphical interpolation methods on a scale about 
15 times that used in these reproductions. 

The complete structures show that the benzene rings are fairly 
accurate regular plane hexagons, the distance between the carbon 
atoms being about 1-41 A. in naphthalene, and perhaps slightly 
less in durene. The methyl groups are attached to the benzene 
ring in durene at the slightly greater distance of 1-47 A. Another 
point of interest is the comparatively large gap which separates the 
atoms in adjoining molecules, the distance between nearest neigh- 
bours varying from 3 6 to about 3-9 A. in the different crystals. 
These distances indicate very weak residual intermolecular forces. 
The molecules are loosely bound together, and the crystals are soft 
and flakey. 

In dibenzyl (Fig. 3) the atoms of the molecule are no longer 
all in one plane. The benzene rings at each end of the molecule 
are regular hexagons as before, inclined at steep angles to the plane 
of the projection. The planes of these benzene rings, however, are 
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at different levels in the molecule and are found to lie almost at 
right angles to the plane containing the central CH,.CH, zig-zag, 
an arrangement which will bo clear from Fig. 5. This is the con- 

CH- 

/ 

CH. 

Fi« . 5. — Di benzyl . 

figuration of the molecule when it is packed into the crystal. It 
cannot be predicted from the chemical formula, because free rota- 
tion is postulated about the single bonds of the central group. 
The three-dimensional configuration probably represents a compact 
structure of low potential energy which is accordingly utilised in 
building up the crystal. 

In stilbene [16] on the other hand (Fig. 4), the structure of the 
molecule is very different. The over-all dimensions are rather 
similar to those of dibenzyl, and indeed the two crystals are almost 
isomorphous, except that in stilbene one of the axes has doubled 
in length. There are twice as many molecules in the unit of pat- 
tern, and the second layer is folded over on the first, as shown in 
the diagram. The appearance of the molecules in the two layers 
is slightly diflFerent in the projection, but it can be shown that this 
is not due to any inherent difierence in shape between the two 
molecules but merely a result of the slightly different orientations 
which they assume with respect to the crystal axes. When the 
structures are fully worked out it is found that in contrast to 
dibenzyl the stilbene molecule is flat. All the atoms, both in the 
rings and the central group, lie in one plane, at least to within 
fairly narrow limits of experimental error. This flatness of the stil- 
bene molecule, demonstrated by X-ray analysis, may be accounted 
for in a rather interesting way. The structural formula for stil- 
bene (i) shows that there is a double bond between the central 
carbon atoms, which will, of course, prevent rotation taking place 
about this junction. But the bonds between the ethylene groups 
and the benzene rings are single bonds, so that the molecule might 
well assume the same shape as the dibenzyl molecule. In fact, 
the three-dimensional form of Fig. 6 would give considerably greater 
clearance between the ethylene hydrogen atoms and the ortho- 
hydrogen atoms of the ring. The central double bond in stilbene, 
however, is ‘‘ conjugated ” to the benzene ring, and modem theor- 
etical and experimental work [12] shows that in such a case we 
must take account of an alternative excited structure, represented 
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by (ii), which may make a contribution to the normal state of the 
molecule. Now it is easily shown on general stereo-chemical grounds 
that (ii) can only contribute to the structure if the molecule is 


(i) 




-CH, 


MI> 



planar. The fact that we find the stilbene molecule to be planar, 
in contrast to dibenzyl, is therefore very direct evidence that (ii) 
plays a part in the structure of the molecule. 

Ftnther quantitative evidence of the extent of this resonance 
between the alternative structures is obtained from the inter- 
atomic distances. The “ single bonds ” between the CH groups 
and the benzene rings are only about 1-45 A. in length, comparing 
with the normal single bond value of 1-64 A. in diamond. The 
double bond has a length of only about 1-32 A., but this is not 
easy to measure accurately, and the figures may be subject to an 
error of about 0-04 A. 

We now pass on to consider the structure of some organic com- 
pounds containing oxygen, particularly those with a hydroxyl 
group. The X-ray analysis is often difficult, and not many struc- 
tures of this kind have been accurately determined. The results 
obtained, however, provide some interesting information about the 
properties of these compounds. 

Oxalic acid crystallises with two molecules of water, and the 
structure of this crystal has been completely determined by X-ray 
methods [19, 17]. The Fourier projection along the b crystal axis 
is shown in Fig. 6, accompanied by a diagram to show how the 
atoms are arranged. The acid molecule is seen to be surrounded 
by water molecules at distances of 2'5-2*8 A. The positions of the 
atoms above and below the plane of the paper can be determined 
from another projection, and when the complete structure is worked 
out, the dimensions shown in Fig. 7 are obtained for the acid mole- 
cule. The six atoms all lie in one plane, but this plane is inclined 
at an angle of about 29° to the plane of the projection in Fig. 6. 

The explanation of the planar form of the molecule is some- 
what similar to that given for stilbene. Rotation about the C-C 
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bond in oxalic acid is evidently restricted by the conjugation of 
the double bonds in the end carboxyl groups. This is confirmed 


(2)0(X:*- 2 24A. '^j:>0(0 " 
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Fio. 7. — DinieriHions of oxalic arid molociilo. 


by the length of the (>-C bond which is only 1*43 A. In fact, it is 
not a pure single bond at all, but must contain about 30 per cent, 
of double- bond property. This at oiu^e explains why the acid can 
be oxidised qu|intitatively with potassium permanganate, while in 



Fig. 8. — Resorcinol. 
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other compounds a carboxylic acid is usually the end product of 
such an oxidation. 

In this connection reference may be made to recjent theoretical 
work by Lennard-Jones [7] and Penney [14]. They predict that 
the length of the central bond in butadiene, CH,=CH — (JH==CH 2 , 
should be only 1 *43 A. The situation is evidently somewhat similar 
to that in oxalic acid, which may be written 

OH OH 

I I 

oc^ C^CO, 

and the agreement is satisfactory. 

With regard to the situation of the water molecules and the 
close intermolecular approach of 2 *5-2 *8 A., it appears that such 
distances are characteristic of compounds containing OH groups. 
Two other examples may be given. The arrangement of resorcinol 
molecules in the crystal is shown in Fig. 8, projected along the c 
crystal axis. (In this contoured diagram each line represents a 
density increment of 2 electrons per A®.) The benzene rings are 
again regular plane hexagons, inclined at about 61^ to the plane 
of the projection, and the OH groups in the meta positions arc 
situated at 1*36 A. from the aromatic carbon atoms. The oxygen 
atoms are seen to be directed towards each other in groups of four, 



Fig. 8 . — Resoroinol. 

(BiprinUd by ptrmUHm qf the B^ytU Society.) 
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and approach to within distances of about 2-7 A. The complete 
structure shows that these molecules are at different levels in the 
crystal, and that the dotted lines joining the OH groups on the 
right actually form spirals extending through the crystal. 

The structure of pentaerythritol, C(CH,.OH) 4 , recently deter- 
mined by Llewellyn, Cox, and Goodwin [9], is rather similar. This 
is an aliphatic alcohol, and the distances between the OH groups 
and the carbon atom are now found to be 1-46 A., in contrast to 
1‘36 A. which is characteristic of the phenols. The arrangement 
of the molecules in the crystal is shown in projection in Fig. 9, 
and we see that the grouping of the oxygen atoms is very similar 
to that of resorcinol, the approach distance being 2‘69 A. The 
molecules shown are all at the same level, however, and are con- 
nected through the OH groups to form sheets in the crystal, instead 
of spirals as in the case of resorcinol. 



Fig . 9. — Pentaerythritol . 

(Reprinted by pemmim of the Chemical Society.) 

We see, therefore, that minimum intermolecular distances of 
from 2-6 to 2-8 A. appear to be characteristic of hydroxylic com- 
pounds. These distances indicate intermolecular attractions of 
considerably greater strength than we found in the case of the 
hydrocaibons, and corresponding to this fact the crystals of all 
these oxygen compounds are relatively hard and brittle compared 
with the soft and flakey hydrocarbon crystals. Molecular associa- 
tion of hydroxylic compounds is well known in chemistry, and the 
physical explanation in terms of hydrogen and hydroxyl bonds 
has received a great deal of attention recently [2]. Precise measure- 
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ments of interatomic distance are of the greatest importance in 
clarifying such work. 

In the structures so far described, with the exception of pen- 
taerythritol, recourse was always necessary in the preliminary stages 
of the X-ray analyses to information about the relative positions 
of the atoms obtained by chemical methods. Although the final 
X-ray results are quite independent of the precise details of these 
initial assumptions, yet the situation is to some extent unsatisfac- 
tory, and the results would be made much more convincing if they 
could be determined in a really direct manner from the X-ray 
data without the necessity for intermediate assumptions. It is a 
matter of considerable interest, therefore, to note that this has 
recently been achieved for certain organic structures. 

We have seen that the essential difficulty of the X-ray method 
arises from the ambiguity involved in the unknown phase constant 
of each reflection. One method of partially overcoming this diffi- 
culty has recently been devised by Patterson [11] and improved 
by Barker [4]. We cannot give details of the method here, but 
the essential feature lies in the use of a different kind of Fourier 
series, in which the coefficients are squared and become independent 
of the sign or phase constant. The three-dimensional function 
expressed by this series does not tell us the positions of the atoms 
in the crystal, but maxima occur at points which, with reference 
to the origin, give the vector distances between pairs of atoms in 
the structure. There remains the ambiguity of deciding to what 
pairs of atoms in the structure these vectors refer. When many 
atoms are present the results are very confusing, but with simple 
structures the method can often be applied with considerable suc- 
cess, especially when advantage is taken of the symmetry properties 
of the crystal to simplify the numerical calculations. 

The pentaerythritol structure described above waa obtained by 
an application of this method, and it was consequently unnecessary 
to make use of the known chemical configuration of the molecule. 
The co-ordinates of the atoms with reference to the crystal axes 
were deduced in a direct maimer, which, however, was not entirely 
free from possible ambiguities. For details, reference must be made 
to the original paper [9]. 

It is a somewhat surprising fact that the most direct of all the 
X-ray determinations of organic structures have recently been made 
on a series of extremely complex compounds, known as the phthalo- 
cyanines [8, 16, 17], which contain 32 carbon and 8 nitrogen atoms 
in the molecule. The electron density map for one of these mole- 
cules is shown in Fig. 10, and the point of particular interest here 
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lies in the fact that this map was obtained directly from the X-ray 
results without assuming the existence of separate atoms in the 
molecule at all. The well-defined benzene rings at the comers of 
the large molecule, and the other groups of carbon and nitrogen 
atoms, are thus an excellent confirmation of all the previous results. 
Unfortunately, the method of analysis employed cannot be applied 
very generally as it requires two special features — an isomorphous 
series of crystalline compounds, with a replaceable atom on a 
symmetry element. 

We have seen that each X-ray reflection is the resultant of the 
contributions scattered by all the electrons in the unit of structure, 
and the main problem is to determine the phase constant of this 
resultant wave. If the structure has a centre of symmetry, then 
this wave must have either a peak or a trough at the centre of 
symmetry. Now if one of the scattering particles in the structure 
is situated exactly at the centre of symmetry, its contribution to the 
resultant wave will always be a maximum, and will correspond to a 
small wave with a peak at the centre of symmetry. Similarly, a single 
atom at the centre of symmetry gives a contribution to the resultant 
reflection which is always a peak, at least for all planes down to 
those with spacings small compared to the size of the atom. The 
contribution from all the rest of the molecule may correspond either 
to a peak or a trough at the symmetry centre, and we have to 
determine wliich. 

In free phthalocyanine (Fig. 10) there is no atom at the centre 
of symmetry (centre of the molecule), but isomorphous derivatives 
can be prepai‘ed containing a metal atom in this position. That 
the metal atom enters the structure at this point can be proved 
directly by X-ray methods. We then note the intensity of the 
X-ray reflection from a given plane in the free compound, and 
from the same plane in the compound containing the metal atom. 
If the intensity is greater for the metal compound, we know that 
the reflection from the free compound must correspond to a wave 
with a peak at the symmetry centre, which has been increased in 
amplitude by the addition of the small peak due to the metal atom 
alone. If, however, the intensity is less for the metal compound, 
we can infer that the original wave must have had a trough at the 
symmetry centre, which has been partially filled up by the peak 
due to the metal atom, with a consequent decrease in total ampli- 
tude. When absolute measurements are employed, there is no 
ambiguity for all the measurable reflections, and the phase con- 
stants can be determined directly in this simple manner. A straight- 
forward Fourier synthesis can then be carried out. 
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The final results of the analysis contain a great deal of infor- 
mation about the structure of the molecule which can only be 
mentioned very briefly here. The electron density map of Fig. 10 
fixes two co-ordinates for each atom, and the third can be obtained 
firom a study of other zones of reflections, and indirectly in various 
ways. It is then found that the 40 carbon and nitrogen atoms, 
and presumably the hydrogen atoms as well, all Ue in one plane, 
and this great molecular plane is inclined to the projection plane 
at an angle of about 45". The dimensions finally worked out for 
the molecule are shown in Fig. 11. 



The central sixteen-membered ring composed of alternate carbon 
and nitrogen atoms is perhaps the most interesting part of this 
structure. Here the interatomic distance has a practically constant 
value of about 1-34 A., and the structure is one of single bond- 
double bond resonance, similar to that found in the benzene rings. 
The remarkable stability of the molecule is undoubtedly due to the 
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peculiar structure of this inner nucleus. A very similar nucleus, 
but with the four outer nitrogen atoms replaced by CH groups, is 
the basis of the porphyrins, an extremely important class of natural 
organic colouring matters, which includes chlorophyll, haemin, and 
many other animal and plant products. 

Amongst the other organic comj)ound8 containing nitrogen whose 
structures have been fully ascertained by X-ray analysis are urea, 
C : 0(NH,)„ by WyckofF [18] and cyanuric triazide, CsNs(Na)s, by 

I. E. Knaggs [0]. The latter compound, which is a violent explosive, 
consists of a six-membered ring of alternate carbon and nitrogen 
atoms with three azide groups attached. The X-ray analysis of 
the structure is of particular interest because it demonstrates 
clearly that the azide group has a linear structure, and not a ring 
structure as had been thought possible. 
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Duking the present year the Mount Wilson Observatory has 
published the result of observations on the number of extra-galactic 
nebulae visible with the great 60-inch and 100-inch telescopes. 
These observations have enabled astronomers, for the first time, to 
calculate with some degree of accuracy the general features of the 
structure of the universe. At the same time the researches of Sir 
Arthur Eddington on the relationship of the quantum theory and 
general relativity have also shed light on the (josmieal problem. 
In a quite different field, Professor E. A. Milne has continued his 
development of the kinemati(j theory of the universe. The present 
moment therefore appears to be an opportune one to review our 
knowledge of this subject. 

The Recession Formula. — For a dozen years or more, evidence 
has accumulated in favour of the “ recession ’’ of the extra-galactic 
nebulsB. This term, with its suggestion of movement, is perhaps a 
little unfortunate. What is actually observed is a displacement 
towards the red of all lines in the spectrum of a nebula, this displace- 
ment depending on the apparent magnitude, i.e. on the observed 


brightness, of the nebula. In fact, if 6 


dX 

“a 


denote the fractional 


displacement in Ught of wave-length X, and m. is the apparent 
magnitude of the nebula emitting the light, it is found that 


logio^ 0-2m - 4-967 (1) 

Tins formula can, however, be turned into a velocity-distance 
relation by making the following assumptions. Firstly, we assume 
that space is the ordinary Euclidean space of physics ; secondly, that 
the laws of light -propagation are those of classical electromagnetic 
theory and thirdly, that the red-shift is a Doppler effect due to a 
velocity of recession V where 



c 
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( 2 ) 
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The first two assumptions yield the formula 

logio D — 0*2(m — Jlf) + 1, (3) 

D being the distance in parsecs * and M the absolute magnitude 
of a nebula of apparent magnitude rn. By absolute magnitude is 
meant the magnitude the nebula would have if it were placed at 
the standard distance of 10 parsecs from the sun. Equations (1), 
(2) and (3), together yield 

V ^ (4) 

There are reasons for believing that the absolute magnitude of all 
nebute is statistically constant and of amount — 14-2. Inserting 
this value of M into (4), the value of F is, in round numbers, 500 
km. /sec. per 10® parsecs. 

It should be noticed that the formula (3) is merely a definition 
of what we mean by the distance of a spiral nebula in terms of its 
apparent magnitude. No independent determinations of D and m 
exist for any nebula by which the validity of (3) could be checked. 

We have not yet excluded the possibility that our observations 
summarised in (1) may be due to our occupying some peculiar 
position in the universe. The expanding universe theory of general 
relativity assures us that this will not be the case provided that the 
metric of the universe * is 


^ ^ + r* sin* 


(5) 


In this expression, R(i) is a real fmiction of t called the radius of 
curvature of space, the nature of the curvature being determined by 
the constant k whose values may be + 1, 0 or — 1. Moreover, 
small regions of the space-time (5) are approximately Euclidean so 
that the three assumptions underl 3 dng (4) hold good. The latter 
formula then leads to 

= 2 X 10“»^8ec.-’ (6) 

R 


^ 1 parsec ^ 3*268 light-years 1*92 x 10^* miles. 

* If an event takes place at a spatial position specified by the co-ordinates 
r, 6, y and at a time specified by and if the event with co-ordinates r -f dfr, 
6 + f dtp, f + d( is any neighbouring event, then the quantity da 

calculated by a formula such as (6), is termed the interval between the two 
events. It is a combination of the concepts of the distance and of the lapse 
of time between them. The formula (6) itself, giving ds as a function of 
the co-ordinate-increments dt, dr, d$, dtp, is called the metric. When on© 
and the same formula may be used to calculate the interval between any 
pair of neighbouring ©vents in the universe, this formula constitutes the 
metric of the universe. 
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where A is the present time-rate of change of the radius. This 
relation is the sole contribution made by the recession formula to 
the determination of the metric (5) and therefore to the solution of 
the problem of the structure of the universe. But even this con- 
tribution can be questioned. It was pointed out by E. A. Milne 
that, still excluding the possibility of our occupying some unique 
position in the universe, the hypothesis of curved space embodied 
in the use of (6) was unnecessary for the interpretation of (1). In 
fact, if we are content to abandon the principles of general relativity, 
the recession formula is found to be compatible with motion in 
ordinary space. 

This was the somewhat unsatisfactory state of affairs up to the 
time of the publication of the Mount Wilson “ nebular-count ” 
observations. 

NEBtriiAR Counts. — In addition to the recession formula, both 
the theory of general relativity and Milne’s kinematic theory 
predict certain laws governing the distribution of nebulae in space. 
The object of the determinations of the number of nebulae carried 
out at the Harvard College Observatory under Shapley and chiefly 
at the Mount Wilson Observatory under Hubble hsis been to find 
the distribution actually existing in the universe [1]. In principle, 
the procedure adopted is to count on photographs of definite regions 
of the sky all the nebulae with apparent magnitudes not fainter than 
each of a series of magnitude values. In the most extensive count 
the magnitudes were 4- 18-47, 19, 19-4, 20 and 21-03. In practice, 
this procedure is complicated by, amongst other causes, the actual 
unevenness of the distribution of the nebulae. A strong tendency 
to form clusters is observed, some of these having hundreds or even 
thousands of members. Again our own Galaxy, like so many other 
spiral nebulae, contains clouds of dark obscuring material. Especi- 
ally is this the case in its equatorial plane, the region of the Milky 
Way. In this part of the sky there are practically no extra-galactic 
nebulae visible, such faint objects being completely invisible through 
the dark clouds. The counts have therefore to made on photo- 
graphs of those regions of the sky which are considered to contain 
a normal distribution of nebulae and the results extrapolated to the 
whole sky. In addition, there are purely technical corrections to 
be applied for the effects of the earth’s atmosphere, for the quality 
of the photographic images of the nebulae, for the times of exposure, 
etc. If, finally, we denote by N the number of nebulae of apparent 
magnitude less than or equal to m, the empirical formula between 
these two quantities, for counts carried down to m = 20, is 

logioA’ = 0-6w - 4-71 (7) 
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When, however, the counts are carried to w = 21 -03 the relation is 

log,, N = 0-501m - 2-768 (8) 

The latter formula is believed to be the best that can be obtained 
with present-day telescopes ; any significant revision must await 
the completion of the 200-inch telescope. 

Intbepebtation of the Nebulae Counts. — The two foregoing 
formulsB give us N only as a function of apparent magnitude m. 
Their theoretical interpretation, aiming at showing that they 
correspond to the distribution of nebulae in some particular universe 
of the class (6), has proved a matter of some difficulty and has led 
to a certain amount of controversy. 

The first method of comparison between theory and observation 
is due to Hubble and Tolman [2]. They argue on the pre-supposition 
that the curvature of space must be so small that all visible nebulae 
may be regarded as moving in an ordinary Euciidean space. Since 
the spectrum of a nebula is displaced towards the red it must appear 
fainter, and therefore more distant, than in fact it is. The nebular- 
count formulae should therefore be corrected to allow for this effect 
and to reduce them to the “ true ” distances of the nebulae. When 
Hubble applied this method to formula (7) satisfactoy results were 
obtained. The radius of curvature of the universe was deduced to 
be so large that the assumption of an approximately Euclidean space 
was justified and the value of the constant k in (6) was indeter- 
minate. The average density of matter in the universe was of the 
order of 10~*® gr./cm.*, assuming that the average mass of a nebula 
was 10® times that of the Sun. But when the same analysis was 
used on formula (8), which presumably refers to greater depths of 
space, very different and unexpected results were obtained. The 
metric of the universe (6) now had 

i: = -f 1, i? = 1-4 X 10* parsecs (9) 

whilst the average density of matter in space was found .to 
have the very high value of 10~** gr./cm.* The positive value of 
k signifies that space at any moment is spherical and therefore of 
finite extent. Moreover, the radius is so small that present-day 
telescopes must be capable of exploring the greater part of space. 

Such discrepancies are probably unavoidable in a treatment 
which aims at arriving at the “ true ” distance-distribution of the 
nebulse. In cosmological theory the concept of distance is am- 
biguous, its meaning depending on the method of distance-measure- 
ment adopted. With regard to the details of the treatment, the 
oorreotion to the apparent magnitude of a nebula, arrived at by 
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manipulation of formulse (1) and (8), has an “ empirical ” value 

Jot =2-94d, (10) 

where d is the Doppler shift corresponding to apparent magnitude 
m. The theoretical formula is found to be 

Am id (11) 

and the discrepancy between (10) and (11) is attributed to the 
effects of the curvature of space and leads to the small closed 
universe (9). In order, however, to arrive at this result, the dis- 
tribution of energy in the spectrum of an average nebula must be 
known. Hubble takes it to be that of black-body radiation of 
temperature 6000°. The value of Am, appears to deijend very largely 
on this assumption, for if 7500° is used in the calculations instead 
of 6000°, (11) is replaced by 

Am ^ 3d. 

Since this formula is practically identical with (10), there is now 
presumably no need to appeal to curvature of space in order to 
obtain agreement between observation and theory. In short, 
Hubble makes the curvature depend on the character of the radiation 
emitted by the nebula;, a conclusion difficult to reconcile with the 
principles of general relativity which assert that the curvature of 
space depends only on the masses and the distribution of the nebulse. 

Hypeebolic Space. — A small correction such as Am is neces- 
sarily dependent on many factors rlifficult to disentangle from one 
another. To avoid comparing observation and theory via Am it 
would be desirable to use the complete formula; (7) and (8) them- 
selves. Moreover, considerations of distance are to be avoided if 
possible, owing to the ambiguity of this term. The closest approach 
to such an ideal treatment is probably obtained as follows. Elimin- 
ating m from (1) and either of (7) or (8), an expression for dN/dd 
in terms of d is obtained which gives the rate of increase in the 
number of nebulae with Doppler shift. The arbitrary element in 
this procedure is the assumption that (1), which has been estabUshed 
observationally for nebulae not fainter than m ~ 17, continues to 
hold down tom — 21 ‘03. The next step is to calculate for a universe 
with metric (6), the theoretical value of dN/dd. This is found to 
be a series in powers of <5, the coefficients of which involve the values 
of the radius B(t) and its successive time-derivatives. A comparison 
of the theoretical and empirical formulae for dN/dd then yields the 
following results [4] (i) if (1) and (7) are combined, the metric 
of the universe (6) is such that 

^ — 1. -B > 11 X 10* parsecs,. . . . (12) 
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whilst, with a nebular mass of 10® times that of the Sun, the average 
density of matter in space is 2*2 x 10 ®® gr./cm.®; (ii) when (1) 
and (8) are used, there is obtained 

k ~ — 1, if 3*5 X 10® parsecs, . . . (13) 

with an average density of amount 3*4 x 10' ®® gr./cm.®. Admit- 
tedly the two nebular-count formulae still give somewhat different 
results but there is now much better agreement than there was in 
the Hubble-Tolman treatment. It is also interesting to note that 
the density of matter is of the same order of magnitude as that 
found by Shapley from the Harvard counts [3] of nebula? brighter 
than the thirteenth magnitude. 

The significance of the negative value of k in (12) and (13) is 
that it indicates the hyperbolic character of space. By this is meant 
that space at any moment is infinite in extent but that it, never- 
theless, possesses curvature. The amount of the curvature is 
approximately the same as that of the Hubble-Tolman small closed 
universe (9). In fact, the difference between the spherical universe 
(9) and the hyperbolic universes (12) and (13) is in some ways 
analogous to the difference between the circle ^ and 

the corresponding rectangular hyperbola — y* - r®. In the 
former curve, the curvature is such that the circumference closes 
in upon itself producing a curve of finite length : in the latter, the 
curvature has the opposite effect so that a curve of infinite length 
is obtained. 

In conclusion, it may be said that the actual universe is probably 
an infinite hyperbolic universe with a radius of curvature of some 
10® parsecs and that it contains matter of average density 10~®® 
gr./cm.®. 

Kinbmatical Theory. — ^An alternative theory of the universe 
is provided by E. A. Milne’s kinematical relativity [5]. This 
theory discards the principles of general relativity and, in particular, 
the notion that the curvature of space is intrinsically associated 
with the properties of the material content of space. The nebulae 
are therefore assumed to be moving with constant relative velocities 
in the Euclidean space-time of special relativity whose metric is 

+ dy> + &■). 

If we imagine that an observer is associated with each nebula, 
the co-ordinate systems used by these observers must be connected 
by the formulae of the Lorentz transformation. We have already 
remarked that this theory will account for the velocity-distance 
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relation (1). It remains to be seen whether it will also account for 
the nebular-count formulse. 

Kinematical relativity predicts the following formula for dN/dd, 
viz . — 

^ = 4;ra(d* - 2d^ -f 3-256* • • (14) 

do (1 + oy 

where a is a constant giving the density of nebulee in space. The 
corresponding empirical formula obtained from (1) and (8), and 
from which (13) is derived, is 
dN 

== 7-12 X - 6-41(i3 + 12-1^^ +...)• • (1*^) 

dd 

This case is selected for discussion since it refers to the greatest 
depths of space observable to-day. By a suitable choice of the 
constant a, (14) and (15) can be made to agree as far os their terms 
in are concerned. But it is evident that agreement beyond this 
first approximation is not possible. Nor is it legitimate to overcome 
this difficulty by simply neglecting the terms in (5®, etc. For, 
calculating ^ at m = 21 03 from (1), its value is d = *17 so that the 
higher order terms contribute sensibly to the value of dN/dd at 
these great depths of space. Thus Milne’s theory agrees with the 
nebular counts up to the first approximation only. Even if future 
observations should substantially alter (15) it seems quite outside 
the bounds of probability that the particular function (14) will be 
obtained. There is, however, a way of escape. It consists in 
abandoning Milne’s hypothesis that the nebulae are moving in the 
Euclidean space-time of special relativity and in reconstructing 
his theory in curved space-time. Milne’s form of the theory then 
plays the part of a first approximation and a suitable choice of 
curvature now so modifies (14) that agreement with (16) can be 
obtained. In particular, kinematical relativity constructed in the 
universe whose metric ‘ is 


de^ 


dt^ - {dx^ 4 dtj^ + dz^)/c^ 
[1 - K^(cH^ - - j/2 - z^)Y 


. ( 16 ) 


will secure agreement with (16) up to the term in It is to be 
noted that curvature now enters the theory of the universe as a 
consequence of the distribution of the nebute alone and does not 
depend, as it did in general relativity, on the masses of these bodies 
as well. 

But such a modification of kinematical relativity would probably 


^ iiC is a constant depending on the amount of the curvature. Its physical 
dimensions are those of (length)^ ^ 
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be regarded with disfavour by Milne himself. The reason for this 
is that the introduction of a universal curvature constant contradicts 
a principle of which he makes much use. This may be stated 849 
follows : — '' The mathematical description of the universe must not 
involve any universal constant of the dimensions of length or of 
time.’’ Milne has developed an elaborate theory of gravitation on 
the basis of this hypothesis. His equation for gravitational accelera* 
tion, valid in the spac'c-time of special relativity, is 


d^x 

dt^ 



(17) 


with similar equations for y and z. 


1 




z -t 




’tU 


Itt (17) 

, X = -f y* + 3*), 

c 

*). f =- ZVrA- 


and G is an arbitrary function depending on the distribution of 
matter in the universe. In the first instance, (17) is arrived at on 
the ground that the acceleration formula must be invariant under 
Ijorentz transformations. This determines (? to be a function of 
the two invariants X/2\ and Z^/YT-^ where T. and Tj are universal 
constants of dimensions (time) Using the principle already 
mentioned, Milne restricts (? to be a function of the dimensionless 
argument f alone. If, however, the distribution of nebulso neces- 
sitates the introduction of universal constants, there is no longer 
any reason for excluding them from the equation of gravitational 
acceleration. Milne’s theory of gravitation must therefore be 
regarded as one possibility only selected from the group of gravita- 
tional theories provided by kinematical relativity. 

General Relativity and Quantitm Theory. — The astro- 
nomical observations do not therefore load to a unique solution of 
the problem of the structure of the universe. In one way this is 
to be expected because the recession and the distribution of the 
nebulse provide but two criteria by which any suggested theory of 
the universe could be tested. During the last nine years, however, 
Sir A. S. Eddington’s researches [6] on the connection between the 
theory of general relativity and the quantum theory have, as one 
of their consequences, linked up cosmical with atomic phenomena. 
If Eddington’s ideas are accepted, there emerges an additional test 
for any proposed scheme of structure for the universe. 

It is well known that since 1900 Newtonian mechanics has 
^veloped along two mathematically distinct lines represented by 
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general relativity on the one hand and by quantum theory on the 
other, Eddington’s achievement has consisted in the construction 
of a very general type of quantum mechanics which is in agreement 
with general relativity. Unfortunately, the alterations necessary 
in building up this imification have all been at the expense of the 
quantum theory, general relativity having emerged from the ordeal 
quite unaltered. In consequence, Eddington’s quantum theory 
differs in a great many respects from the generally accepted form 
associated with the names of Heisenberg and Dirac. Indeed, in 
treating the problem of the equation of state of very dense matter, 
the two quantum theories lead to quite different results. Be this 
as it may, one of the products of Eddington’s ideas is a value for 
the radius of curvature at the moment when the expansion of the 
universe began. This calculation may be summarised as follows. 
There is a particular case of (5), called the Einstein universe, in which 

R{i) — consUinty k -|- 1. 

Greneral relativity predicts that a universe of this type can exist 
in an equilibrium state, neither expanding nor contracting but 
filled with motionless matter at constant density and containing no 
radiation. Moreover, the equilibrium of an Einstein universe is 
unstable : an appropriate disturbance will start it expanding and 
it will continue to do so indefinitely so that it is a tenable hypo- 
thesis that the actual universe began its expansion in this way. The 
condition of the Einstein universe is very similar to that of an atomic 
system in its fundamental state of lowest energy since in such a state 
the system is also static and radiationless. Eddington therefore 
argues that it should be possible, by means of the quantum theory, 
to build up an Einstein universe particle by particle, the whole 
final system of particles being in its fundamental state. This 
achievement is quite beyond the capacity of the ordinary quantum 
theory, but, by means of his generalised theory, Eddington accom- 
plishes it after a very intricate mathematical argument. He then 
compares his solution with that already given by general relativity 
and finds for the metric (5) of the actual universe (i) that jfc = + 1, 
so that space is spherical ; (ii) that the radius had the initial value 
of 4 X 10® parsecs and that it has a very much greater value now ; 
(iii) that the limiting speed of recession of the nebulfie is 432 km./sec. 
per 10® parsec. The latter result is in striking agreement with the 
observational value. 

If Eddington’s theory is accepted, there is no need to appeal 
to nebular counts to determine the curvature of space. And the 
fact that these counts suggest either a hyperbolic universe in which 
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it = ^ or a Hpherical universe of very small size, merely indicates, 
in Eddington^s opinion, the very great errors to which such observa- 
tions must be liable. 

Conclusion. — Summarising, we may say that the counts of spiral 
nebulm, when interpreted by general relativity alone, indicate a 
universe infinite in extent but nevertheless possessing a fairly high 
degree of curvature. If, on the other hand, the observations are 
to be interpreted on Milne’s kinematical relativity, curvature must 
be introduced into this theory with consequent unfavourable 
repercussions on Milne’s theory of gravitation. Lastly, adopting 
Eddington’s unification of general relativity and quantum theory, 
the universe is found to be spherical, finite in extent but extremely 
largo, and the nebular count formulae are to be regarded as 
too unreliable to give trustworthy results. In contrast with the 
indefiniteness of our knowledge a year ago, we are therefore presented 
to-day with a small number of clear-cut solutions of the cosmical 
problem. Which of these, however, is to be deemed the correct one 
only further observational and theoretical researches can show. 
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MANGANESE AND COBALT IN PLANT 
AND ANIMAL ECONOMY 

By ETHEL BROWNING, M.D. 

MANGANESE 

It has long been reoognised that manganese is not only of practically 
universal distribution in the plant world but that it is an essential 
factor in plant metabolism and growth. At what point and in what 
manner its action on the plant cells is exerted is even now not com- 
pletely understood, but the idea advanced by Bertrand in 1897 [3] 
(and later rejected) that manganese was the true active principle 
of the oxidases, or ferments which control the oxygen metabolism 
of the plant, appears, with modifications, to have gained some 
ground during recent years. It has been demonstrated by several 
workers [25, 31, 67, etc.] that these oxidising enzymes all show 
increased activity when the plants are fertilised by manganese, but 
whether this increase is due to the action of manganese as a co- 
ferment or as a catalytic agent is still undecided. 

There has been much more uncertainty and disagreement about 
the part played by manganese in the economy of the animal organism. 
It is a normal constituent, though in much smaller degree than in 
the case of plants, of practically all animal tissues. It has been 
found in blood [60], teeth [31], bile [68], gall-stones [68], milk [37], 
urine [64], and in most of the internal organs [9]. But whether its 
presence there is accidental, arising from the ingestion of foods 
which are very rarely free from manganese, or whether it is a neces- 
sary and indispensable constituent of the normal organism has been 
seriously questioned. 

Even when it was decided that it had a favourable eflfect on 
the growth of young animals [27, 34, 36], efforts to explain the 
mechanism of its action were often unsuccessful, and not all workers 
were even able to decide whether its absence definitely had a bad 
effect on growth. Its ‘‘ growth effect,” if any, has been variously 
related to its stimulation of ovarian and testicular function [27] ; 
to the production of a hormone, probably from the anterior lobe of 
the pituitary, which is essential for the proper functioning and 
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development of lactation [42] ; to its effect in maintaining the normal 
development of young or embryonic tissue [20] ; and to the alleged 
necessity of its presence for the adequate formation of haemo- 
globin [59]. 

As in the case of plant tissues, however, scientific opinion appears 
to incline ultimately to the conception of manganese as a catalyst 
or activator of the vital enzymic reactions of the organism rather 
than as a specific stimulant of any tissue or group of tissues. One 
of the most recent modifications of this conception [23] postulates 
a delicate relationship between manganese and vitamin Bj, especially 
in regard to the known oxidative capacity of the latter. 

Manganese in Plant Tissues 

While the actual amounts of manganese in plants are small in 
comparison with some other minerals — iron, for example, is on the 
average three times as abundant in most plant materials as man- 
ganese — and while it exhibits wide variations in different materials 
and species, it shows a concentration in those parts of the plant 
where reproductive activity is greatest [14]. Seeds in the process 
of ripening show a striking increase in their manganese content [53] ; 
in cereals, the by-products, especially the germ, are much richer 
than the whole grain [38] ; young leaves contain more manganese 
than older ones [15]; and in trees and flowers the reproductive 
parts have the highest content and the woody parts very little [14]. 
Among the most commonly used foodstuffs of vegetable origin, the 
highest manganese content is from 100 to 200 ragm. per kgm. (beet 
tops, blueberries, lettuce, pineapple, and wheat bran) ; another 
group contains 35 to 100 mgm. per kgm. (beets, blackberries, chard, 
oats, spinach, and whole wheat) ; while most fruits and a group 
of vegetables including carrots, onions, radishes, and turnip, contain 
less than 15 mgm. per kgm [26, 47, 51]. It is interesting, in view 
of a possible relationship between vitamin B, and manganese, to 
note that whole wheat, with a manganese content of 31 mgm. per 
kgm. is much lower in both manganese and vitamin Bj than wheat 
embryo, which contains 390 mgm. per kgm. of manganese and is 
one of the richest known sources of vitamin Bj. 

Manganese in Animal Tissues 

Animal tissues are on the whole lower in manganese content 
than vegetable tissues. Beef and fish (except molluscs, which are 
especially rich, owing, it is believed, to the high manganese content 
of the water in which they are found) contain very little [17] ; milk, 
0*003-0»004 mgm. per 100 c.c. [28, 37] (colostrum is considerably 
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higher) [63] ; and blood 0*004 to 0*020 mgm. per 100 gm. [50]. 
In eggs the yolk only appears to contain manganese and its content 
increases during maturation of the ovaries of the hen [9]. 

In view of the belief that manganese is an inevitable constituent 
of the body, it is worthy of note that the individual level of the blood 
is constant with repeated examinations and is not increased by 
exposure to the dust of manganese ores [50]. 

Of the internal organs, the liver is by far the richest in manganese 
(0*273 mgm. per 100 gms. wet tissue) with kidney and pancreas 
next, indicating that, like other metals, manganese is mainly stored 
in the liver [35, 56, etc.]. 

The Normal Metabolism of Manganese 

The absorption of manganese when taken by the mouth is 
normally slow, and depends upon the acidity of the gastric juice 
and the duration of its contact [50]. The manganese level of the 
blood increases during the first few hours after it is taken by mouth, 
but its rate of elimination is too rapid to allow accumulation in the 
blood, and the level soon falls to normal again. 

Excretion takes place mainly (to the extent of 80 per cent.) by 
the faeces [31] ; the bile is also at least one important path of 
elimination [68] ; very little is excreted in the urine [18, 54]. The 
fact that the colon has normally a higher manganese content than 
any other part of the intestinal canal would seem to indicate that 
manganese is largely excreted through the colon [35]. Storage, as 
already indicated, takes place chiefly in the liver and to some extent 
in the kidneys [60, 66]. 

That manganese is able to pass through the placenta to the 
embryo has been demonstrated by the fact that the newly bom 
young of parents fed on a high manganese diet contain more man- 
ganese than of those on a basal diet, while none is present in the 
tissues of the offspring of animals deprived entirely of manganese. 
This is in contrast to copper, which is apparently not transmitted 
through the placenta [42]. 

Studies on the retention of manganese by children on diets con- 
taining varying quantities of this element have shown that the 
amount retained is proportional to the amount ingested, indicating 
that manganese is essential to the physiological development of 
children. It is suggested that the diet for children should contain 
between 0*20 and 0*30 mgm. of manganese per kilogram of body 
weight [22]. 

A diet fairly high in manganese would contain meat, eggs, milk, 
bananas, potatoes, tomatoes, orange juice, cod-liver oil, whole grain 
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cereals, fruits, and vegetables such as carrots, apples, and prunes^ 
If larger quantities were required, blueberries, pineapple, and beets 
would be substituted for carrots, apples, and prunes. The diet of 
a child subsisting chiefly on milk and refined cereals would be lower 
in manganese than was consistent with full growth and development. 

Possible Functions of Manganese 

(1) Growth and Reproduction , — ^There has been some confusion 
in the results obtained by feeding experimental animals with 
manganese. If manganese is to be proved an essential element 
for normal metabolism, animals must be fed on a diet deficient only 
in manganese and complete in all other factors. The highly purified 
diets used by some workers must almost certainly have been deficient 
in vitamins, especially vitamin B, and therefore death could not 
with certainty bo said to be due to lack of manganese. 

Other workers who observed little effect on the growth of the 
animals when manganese was added to the basal diet may on the 
other hand have used diets which contained enough manganese to 
satisfy their requirements [60]. Experiments with very highly 
purified diets, containing all other essentials including vitamins, 
seem to show that while young animals can grow to maturity without 
manganese, either the reproductive activities of the parent animals 
are disturbed so that they are unable to suckle the young properly 
[42], or the young are bom with a congenital debility which makes 
them unable to take enough nourishment to prevent a high mor- 
tality [20]. Whether this unfavourable effect of parental manganese 
deficiency on the young is due, as tentatively suggested by one group 
of workers, to the connection between manganese and the production 
of a pituitary hormone essential for the functioning of the generative 
organs in the male and the mammary tissue in the female [42], 
or whether the manganese deprivation of the tissues of the embryo 
prevents it from growing normally to full development is still 
uncertain [20, 60]. In either case the effect could be explained by 
assuming that in the absence of the catalytic action of manganese 
the vital oxidation-reduction activities of both the adult and the 
embryo organism were inhibited, with consequent lack of full 
development of the growing tissues. 

(2) In Hcemoglobin Formation , — ^It is well known that both 
young animals and infants fed on milk only are liable to develop a 
form of anosmia characterised by low hssmoglobin values and a 
diminished number of red corpuscles — a secondary (nutritional) 
aniemia [2, 39, etc.]. This anssmia can be improved by the addition 
of iron alone, but the improvement is not progressive or permanent 
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until the iron is supplemented by copper [61]. This discovery sug- 
gested that other metals, including manganese, cobalt, nickel, 
germanium and vanadium might have the same capacity, and for 
a time it was believed that manganese, like copper, had a specific 
effect in supplementing iron in the regeneration of haemoglobin [69]. 
Later observations [2, 39, 61], however, using diets in which con- 
tamination with copper was strictly excluded, answered the much 
discussed question of the specificity of manganese in the negative. 
It was found that neither the formation of red cells nor of haemo- 
globin was affected by manganese, though possibly it may speed 
up the maturation of the red cells [1], Again, as in the case of its 
effect on growth, it would seem probable that whatever action 
manganese may have on the blood-forming organs is due more to 
its general catalytic activity than to any specific stimulation. 

(3) As a Catalyst , — There is much evidence indicating that 
manganese must be classed among those substances, like iron, and 
probably copper, which are known as “ enzyme catalysts of oxida- 
tion ’’ and are together responsible for the whole process of tissue 
respiration and metabolism. The liberation of the energy which is 
essential to life is dependent upon adequate oxidation of the organic 
fuel materials which are derived from foodstuffs. These organic 
“ metabolites,” which undergo oxidation with extreme difficulty 
in air, are readily oxidised in the tissues, on account of the presence 
of these enzyme catalysts. The enzymes themselves cannot perform 
their oxidising function unless an appropriate catalyst is present. 
Thus, the utilisation of molecular oxygen which is essential for the 
life of every cell is in itself a process due to catalysis. Even when 
the energy conditions are right, i.e. when the “ oxidation-reduction 
potential ” of the system is in equilibrium, so that the affinity of one 
reacting substance is strong enough to reduce or oxidise the other, 
both reagents must be “ active.” Most biological substances are 
not active, and cannot react even with active oxidisers without the 
presence of a suitable catalyst. 

Iron is the principal catalyst of tissue respiration, and according 
to the well-known theory of Warburg [66], the utilisation of molecular 
oxygen by the living cell is a process due to catalysis by iron, which 
is present as a definite complex compound, related to the hsematin 
series of pigments, and called the ” respiratory enzyme.” 

It is interesting to note that in invertebrates the copper-con- 
taining pigment, heemocyanin, has properties analogous to those 
of the iron-porphyrin compounds of the hesmoglobin series in 
vertebrates, wliile the blood of the lamellibranch. Pinna Sqwmosa, 
contains a pigment, pinna-globulin, very similar to hsemocyanin, 
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but containing manganese in place of copper [49]. The presence 
of manganese as a respiratory pigment has not been reported in 
any other animal species. 

Manganese has nevertheless been found to be a powerful catalyst 
in the oxidation of many biological substances. Thus its presence 
increases the oxygenation of mono-saccharides [32] ; accelerates 
the oxidation of cystine to cysteine [66] ; stimulates the action of 
salivary distase, of pepsin, and of trypsin [25] ; increases the 
autolysis of liver [48]. The oxidising activity of laccase is pro- 
portional to its manganese content [3] ; and the administration of 
manganese stimulates antitoxin formation in animals immunised 
against diphtheria, indicating a direct stimulation of the antitoxin- 
producing cell mechanism [62]. 

With regard to its connection with vitamin B,, it is to be noted 
that in vitamin Bj deficiency carbohydrate metabolism is inhibited 
so that lactic acid accumulates in tissues, especially the brain 
[16, 29, 46 j. It has been suggested that manganese stimulates by 
its catalytic activity the enzymes controlling carbohydrate meta- 
bolism which are diminished in vitamin Bj deficiency, and the 
possibility arises that the symptoms of vitamin B^ deficiency may 
be brought to open manifestation by a disturbance in carbohydrate 
metabolism partly due to a concomitant manganese deficiency in 
the diet [23]. It has already been noted that a diet which is deficient 
in vitamin B^ will also be deficient in manganese, since the distribu- 
tion of the two elements shows a close correspondence. 

This question cannot be resolved with any certainty at the 
present moment but the whole conc^eption of manganese as a co- 
enzyme or catalyst seems worthy of further investigation. 

COBALT 

Like manganese, cobalt is very widespread in both the plant and 
the animal world, though in very minute quantities. 

Whether this fact indicates that it is a physiological necessity 
of normal tissue appears as yet to be uncertain, nor, if so, are its 
specific functions entirely agreed upon. 

Bertrand and his co-workers, who have carried out most of the 
investigations on the distribution of cobalt [4-8, 10, 11], and who 
have examined its influence on the action of insulin in animals [6, 7], 
have suggested that it augments the hypoglycasmic action of insulin, 
but it is difficult to reach any conclusion from their work because, 
as in some of the earlier researches on manganese, the diets used 
were deficient in other essential factors and proved fatal to the 
animals within a few weeks* 
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It IB certain that cobalt has an effect on the haBmopoietic system, 
producing a polyoythaemia in small doses [30, 44, 63, 64], but 
whether this can be looked upon as its normal function or as a toxic 
eiffect from amounts which would not normally be derived from the 
ingestion of an ordinary mixed diet again appears uncertain. 

It is interesting to note that the polycythaBraic action of cobalt is 
closely interrelated with the presence of copper and manganese. 
Copper must be present in the diet to allow cobalt polycythaemia 
to develop, and manganese appears to exert a stabilising influence 
upon its development when it has oc(mrred [43, 44, 45]. 

Cobalt in I^lant Tissues 

The distribution and prevalence of cobalt have raised the 
question whether, like manganese, it can be regarded as a catalyst 
of the nutritive exchanges of plant tissues [13]. 

It is present in all arable land, to the extent of a few milligrams 
per kilogram of soil, and a certain proportion of it is absorbed by 
the plants and distributed in their tissues [10]. 

In practically all grains and vegetables it is present in minute 
proportions, ranging from less than 0 02 mgm. to 0-3 mgra. per kgm. 
(in oats and carrots the amounts present are so small as to be 
undetectable by the ordinary methods of estimation) [11, 12], 

In plants the leaves are generally richest in cobalt, next come 
grains and seeds. In trees cobalt is more abundant in the bark 
than the wood. Polished rice is very low in cobalt, as in the case of 
other minerals [11]. 

Cobalt in Animal Tissues 

In the animal organism the presence of cobalt has been demon- 
strated in practically all tissues except fatty tissue and white of egg. 
It is present in fairly high concentration in molluscs, but very little 
is found in other fish [4, 5], 

When animals are fed on a diet of milk, iron, and manganese 
only, the amounts of cobalt in the tissues are so small as to be almost 
undetectable — ^the amount in the entire body of a rat weighing 260 
gm. is less than 0 01 mgm. — but when cobalt is added to the diet 
in amounts of 0*1 to 2 mgm. daily the total amount found increases 
up to 01 to 0*3 mgm. 

Of the internal organs of these animals the liver, pancreas, and 
spleen contain the greatest amount [5, 8], but the vertebras and ribs 
also show fairly large deposits, considerably more than the long 
bones [5]. This last fact may indicate that the vertebrae and ribs 
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are more active than the long bones in erythrocyte formation and 
that this is where cobalt exerts its hsomopoietic action [41, 44]. 

In human organs the greatest amounts have been found in the 
spleen (0*47 mgm. per kgm. of fresh tissue), then the liver, pancreas, 
and kidney. The blood contains about 0*001 mgm. per kgm. ; 
muscle has a very low content [58]. 

The minuteness of the amounts normally present in the tissues 
seems to cast some doubt on the question of their physiological 
necessity, but it must be mentioned that very small amounts ai‘e 
also necessary to produce a definite polycythaemia. The presence 
of 0*04 to 0*05 mgm. in the entire body of a rat is sufficient. 

Meiaholisrifi of Cobalt 

Very little work has been done on the absorption and excretion 
of cobalt since in 1887 it was stated by Chittenden and Norris [19] 
of Yale University that in animals the spleen, spinal cord, and brain 
showed a selective absorption for the element. 

A certain amount of cobalt given by the mouth is excreted in 
the urine ; 16 mgm. have been recovered during 24 hours after the 
administration of food containing 180 mgm. of cobalt chloride [58]. 

Storage does not seem to take place in any particular organ. 

Possible Functions of Cobalt 

(1) As a Co-fernient of Insulin. — The fact that the pancreas 
of animals was found to be specially rich in cobalt led Bertrand 
[6, 7, 8] to speculate whether there could be some connection between 
cobalt and the internal secretion of the pancreas. Some experiments 
with dogs and rabbits, where insulin was given with and without 
the addition of cobalt, led him to conclude that cobalt intensified 
and prolonged the hypoglycasmic action of insulin, and he formulated 
the hypothesis that cobalt might be the “ co-ferment of insulin, 
just as he had supposed that manganese was the co-ferment of 
laccase. 

Examination of the effect of cobalt administration to diabetics, 
however, did not give results conforming with those of the animal 
experiments. Some of the patients who were given cobalt with 
insulin improved, others did not, and those who received cobalt 
alone were unaffected. No further work in confirmation of Ber- 
trand’s has been done and his hypothesis remains apparently purely 
a hypothesis. 

In this connection it may be noted that cobalt, unlike iron and 
manganese, does not play the part of a true catalyst, at any rate in 
such a reaction as the oxidation of cystine to cysteine. It does form 



SCIENCE PROGRESS 


284 

with cystine a cobaltous complex which is readily oxidised by air, 
organic dyestufifs, or ferri^cyanide, but the end-product of its 
oxidation is a compound analogous to an intermediary compound 
in the case of the iron catalyst. In other words, the iron complex 
and the cobalt complex behave alike in so far as both can be easily 
oxidised by molecular oxygen, but are different in so far as that the 
oxidation in the case of cobalt is very stable and forms the end- 
product of the reaction, whereas in the case of iron the oxidation 
product is very labile and involves the catalytic effect of iron [65]. 

(2) As a Hoimopoieiic Stimulant . — It was found during studies 
of the nutritional anaemia produced in animals by a milk diet that 
the addition of cobalt, either alone or in combination with other 
metals, produced a marked polycythaemia and haemoglobinaemia 
[30, 40, 46, 63, 64]. The addition of 1 per cent, of cobalt, for 
example, produced a red cell increase of about 53-4 per cent, and a 
haemoglobin increase of about 56*2 per cent. [40]. The red cell 
volume was always increased but the plasma volume, the leucocyte 
count, and the differential leucocyte count renmined unaltered [64]. 
These facts indicated that the effect produced by cobalt was that of 
a true polycythaemia (i.e, an actual addition of red cells to the 
circulation) and that it was exerted upon the erythropoietic tissue, 
the spleen playing no essential role [43], 

In examining the mechanism of this erythropoietic action it 
becomes evident that it may be either active, i.e. by stimulation 
of the bone-marrow, increasing the production of red cells, or 
passive, i.e. by decreasing the rate of destruction of red cells and so 
causing a passive accumulation. The question was approached by 
a study of first, the effect of cobalt on the production of reticulated 
blood cells, an increase of which is regarded as an index of stimula- 
tion of the bone-marrow, and second, its effect on the serum bilirubin, 
whose decrease would be an index of diminished destruction [44], 

It was found that the administration of cobalt produced a 
variable slight increase in reticulocytes followed by a consistent 
secondary rise at about the twenty-third day. The serum bilirubin 
was distinctly higher than normal [44]. Thus it is apparent that 
the polycythcemic action of cobalt is active stimulation rather than 
a passive accumulation. 

At the same time it is possible that this stimulation may be 
indirect, rather than exerted directly upon the hsBmopoietic tissue. 
It was noted in these experiments that the blood serum, besides 
being high in bilirubin, was bright red, indicating that haemolysis 
had taken place. It is possible therefore that the accumulation of 
a sufficient quantity of cobalt in the organism may produce hasmoly- 
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sis, thus eventually increasing the serum bilirubin, which itself 
might then act as the ultimate stimulant of the bone marrow. 

Another way in which indirect stimulation might be caused is 
by virtue of the vasodilatation which cobalt undoubtedly produces. 
It will be seen later that cobalt does produce vascular changes in 
the peripheral capillaries. These vascular changes may also affect 
the capillaries of the bone marrow, causing a local anoxaemia, 
(reduced supply of oxygen) wliich would in itself favour increased 
blood formation [52]. 

The relation between cobalt, copper, and manganese in this 
polycythaBmic effect of cobalt is particularly interesting. It appears 
that the presence of copper in the diet is necessary before cobalt 
can exert its stimulative effect [45]. When rats are fed on a strictly 
purified milk-iron diet, completely free from copper and supple- 
mented by cobalt, anaemia develops. If copper is given together 
with the cobalt the characteristic polycytheemia is observed. The 
fact that some workers appear to have produced polycythaemia 
by the addition of cobalt alone may be explained by the presence in 
stock diets, unless carefully purified, of minute quantities of copper, 
sufficient to allow the cobalt action to be exerted. The action of 
manganese is also an auxiliary effect, but of a different nature. 
It appears to stabilise the effect of cobalt and to decrease its toxicity. 
When cobalt feeding is continued for a long time the raised erythro- 
cytes, hsBmoglobin, and blood volume tend to decrease gradually. 
If manganese is given also the polycythaemia produced is more 
intense than with cobalt alone, and even when the feeding is con- 
tinued for a long period the values remain liigh, but the mortality of 
the animals is much lower. What the true interpretation of this 
synergistic inter-relationship between copper, manganese, and 
cobalt may be, is difficult to state, nor is it clear at what point 
the stimulant action of cobalt is exerted. 

(3) As a Stimulant of the Sympathetic System , — It has recently 
been suggested that cobalt may have a specific stimulant action on 
the sympathetic nervous system [33]. 

The ^ministration of cobalt by mouth to animals (a dosage of 
6 centigrammes to a rabbit weighing 3 kgm.), and by injection to 
human beings (2*5 centigrammes) produces a marked vasodilatation 
of the peripheral blood vessels of the face and ears, lasting for 6 to 
15 minutes and accompanied by a sensation of heat and a fall of 
blood pressure. Larger doses (4 to 5 centigrammes) in man result in 
more intense reddening and heat, extending to the ears and neck, 
with more unpleasant sensations of burning and pressure, and some- 
times with abdominal pain and vomiting. These effects are pro- 
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duced) though not so markedly, not only by the simple salts of cobalt 
but also by organic salts such as the citrate and salicylate. With 
certain trivalent compounds, the cobaltamines, the reaction produced 
includes the characteristic reddening and heat, and also other 
symptoms such as clonic tremor of the lips, nose, cheek, and eyelids, 
sometimes spreading to the limbs ; salivation and (jhoking sensations. 
These additional symptoms arc attributed to the nitrogen in the 
cobaltamines. 

Since the erythrodermia of the face characteristic of cobalt 
action is not produced by nickel, wliich has very similar distribution 
and properties, it is suggested that this cflFect is a specific action of 
cobalt, exerted upon the sympathetic nervous system. It is to be 
noted however that some simple salts of manganese have a similar 
effect in dilating the peripheral blood vessels. 
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SYNERGISM AND ANTAGONISM OF 
VITAMINS 

By H. TISLOWITZ, M.B. 

Departnumt of General and Experimental Pathology, PiUndeki University, Wanmo 

It is well known that, as early as 1923, Hopkins [1] drew attention 
to the antagonistic and synergetic action of vitamins ; ho had 
observed that vitamin B prevents the harmful action of an exces- 
sive dose of cod-liver oil. In connection with the above, Harris 
and Moore [2] published some papers on the vitamin balance. 

The isolation of certain vitamins has enabled us to study the 
physiological properties of vitamins, indej>endently of avitaminosis 
and this led to the conclusion that the action of vitamins is often 
different in healthy and in avitaminotic animals. 

Certain observations on administration of vitamins A, B », C and 
D to dogs are reported in the present paper ; those, in connection 
with the results reported by other authors, have been (jonsidered 
from the viewpoint of the synergism and antagonism of vitamins. 

Experiments were conducted on the content of cholesterol and 
sugar in the blood, on the duration of circulation of Congo red 
solution, injected into the blood-vessels, the volume of the plasma 
in the circulating blood, the osmotic pressure of the blood plasma, 
diuresis and the action of the heart. 

In considering the effect of various vitamins on the content of 
cholesterol in the blood, it was found that lipoid-soluble vitamins 
A or D cause an increase in blood-cholesterol (Collazo [3], Jusatz [4], 
Lasch [6], Wendt [6] and others), whilst the water-soluble vitamins 
Bi (Hermann, Wenzel [7]) and C (Tislowitz [8]) cither exercise no 
influence or even prevent such an increase. Some relation seems 
to exist between lipoids in the blood and the vitamins soluble in 
them. 

As regards the metabolism of carbohydrates, it has been shown 
that vitamin C lowers blood sugar (Stepp, Schroder and Alten- 
burger [9]). Similarly the writer observed that synthetic vitamin Bi 
raises the tolerance for carbohydrates [10]. As opposed to this, 
the lipoid-soluble vitamins A or D appear to diminish tolerance 
for carbohydrates (Roller [11], Tislowitz [12]). 
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Further, considering that in diabetes an increase of cholesterol 
is found and that the vitamin action on cholesterol is different, it 
might be concluded that water-soluble vitamins B, and C should 
be administered in diabetes, and not vitamins A or D, 

The effect of vitamins on the duration of circulation of Congo 
red solution injected into the blood-vessels has been studied by 
Stem and Wilheim [13] as well as by Tislowitz and Kurowski [14], 
It was found that vitamins A or D, applied in small and average 
doses, increase the storing capacity of the reticulo-endothelium ; 
this can be detected by injecting a strictly defined dose of Congo 
red which disappears from the blood current much more rapidly 
after administration of vitamins A or D than in their absence. It 
is possible that lipoid-soluble vitamins A or D stored by the reticulo- 
endothelium stimulate the latter. It has been shown that, con- 
trary to the case of vitamins A and D, Congo red solution circu- 
lates longer in the blood current after administration of vitamins Bi 
and C [14]. This phenomenon cannot be attributed to any dele- 
terious influence of vitamins B, or C on the reticulo-endothelium, 
as we know that these vitamins raise the resistance of the organism. 
It can be supposed that the longer duration of circulation in ques- 
tion is caused by the property of vitamins B, and C of rendering 
the blood-vessel walls less permeable. The action of vitamins on 
the reticulo-endothelium seems largely to depend on the physical 
properties of the respective vitamins. Lipoid-soluble vitamins have 
the same effect as negative biological substances (Keller [15]) which 
are stored by the reticulo-endothelium. 

As regards vitamins B, and C, the writer observed that within 
few hours after their administration, diuresis increased and it is 
perhaps in connection with this that a decrease in the water-content 
of the circulating blood was noted [16, 17, 18]. As to vitamin B|, 
its dehydrating action on tissues, especially on muscle-fibres, is 
well known (Wenckebach [19]) ; the diuretic action of vitamin C 
in children was examined by Abbasy [20]. Diminution of the plasma 
volume of the blood-current was observed after application of 
vitamin Bi and of vitamin C [18]. These observations on vitamins 
Bj and 0 are corroborated by the fact that a fruit or vegetable 
diet, such, for instance, as lemon treatment, leads to elimination 
of water. On the other hand, the lipoid-soluble vitamins A and D 
^minish diuresis at the beginning of their administration [21] and 
increase the plasma content of the circulating blood [22]. 

It seems probable that in connection with the rapid elimination 
of vitamin C and with greater diuresis, hypervitaminosis of this 
vitamin does not ensue with such ease as when dealing with vita* 
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mins A or D. Very large doses of vitamins A or D evoke the 
well-known picture of hypervitaminosis accompanied by morpho- 
logical changes. On the other hand, enormous doses of vitamins 
Bj or C, administered by means of intravenous injections cause 
only functional changes which it is difficult to define as hyper- 
vitaminotic or otherwise, as appears from the observations of Hecht 
and Weese [23], Schade [24], Widenbauer [25], and Tislowitz [16]. 

It is of interest that vitamins A and D are in certain respects 
antagonistic to each other : vitamin D raises the plasma content 
of the circulating blood from the beginning of its administration, 
whilst vitamin A at first lowers and then raises the plasma content 
of the blood-current [22]. 

Results corresponding with these findings were yielded by later 
observations on the effect of vitamins on the osmotic pressure of 
blood plasma [26-29]. The action of vitamins on the osmotic 
pressure of the blood plasma appears to precede their action on the 
plasma content of the blood-current and on diuresis. The action 
of the various vitamins on the osmotic pressure was found to be 
different in the case of lipoid- and water-soluble vitamins, As 
regards the effect of the water-soluble vitamins the polyphasio 
action of vitamins [29] or C [26] became perceptible within 
24 hours from the first injection of these vitamins. Further 
administration of these vitamins did not intensify their action. 
The diuretic effect of vitamin Bj and vitamin C can be explained 
by the findings of Fliederbaum and Tislowitz who ascertained that 
these vitamins exercise a rapid, polyphasio effect on the affinity 
of the blood for water (osmotic pressure of the blood plasma). 

On the other hand, repeated doses of vitamins A or D ore required 
in order to alter the osmotic pressure of the blood plasma [27, 28]. 
Here again vitamins A and D are found to be antagonistic, as also 
their respective influence on the plasma volume of the blood-current : 
as, after application of vitamin D [27], a decrease in the osmotic 
pressure always ensues, while vitamin A first evokes a decrease 
and after prolonged administration of larger doses, an increase of 
the osmotic pressure [28]. 

Administration of vitamin C and especially of vitamin Bi to 
dogs caused a specific state of fatigue concurrent with a lower 
blood-sugar content and diminution of the volume of the blood 
current. At the same time distinct bradycardia and respiratory 
arhythmia were noted [16, 18]. The alkaline reserve rises after 
treatment with vitamin C and the blood picture is displaced towards 
the left. All these phenomena point to vagotony resulting from 
administration of vitamin Bi or C (Schade [24], Tislowitz [16, 18]). 
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It has not yet been possible to study the reaction of the autonomous 
nervous system to administration of lipoid-soluble vitamins. 

The results obtained to date are reviewed in the following 
schematic table ; 


Vttemliu. 


A, D. 


B„C. 


Content of blood sugar 
Tolerance for carbohydrat-es 
Content of blood oholeaterol 


tendency to rise 
reduced 
rises 


diminution 

increased 

no change or diminution 


Duration of circulation of reduced 

Congo rod in the blood 
current 

Activity of the roticulo-endo« increased 

thelium 

Permeability of the blood 
vessels 


extended 


reduced 


Volume of blood plasma in increased reduced 

circulation 

Osmotic pressure of the blood monophaaic changes ; polyphasic changes, rapid 
plasma. (The affinity of changes appear and sudden. Additional 

the blood for water) slowly and gradually doses do not intensify 

the effect 

Diuresis during first days of inhibited slightly increased 

administration of vitamins 


Elimination from the body difficult easy 

Hypervitaminosis appears relatively largo doses very large doses causing 
after causing morphologi- functional changes 

cal changes (vogotony, collapse) 


It follows from the above table that numerous antagonisms and 
synergias exist between the vitamins studied. The physical factor 
seems to be largely instrumental in causing the difference between 
water-soluble and lipoid-soluble vitamins. The conditions of solu- 
bility of vitamins are probably important for their resorption and 
elimination. Thus, usually hypervitaminosis is not observed after 
administration of water-soluble vitamins, but it appears after 
administration of vitamin A or D, which cannot pass through the 
kidneys with such eaise as the water-soluble vitamins. The physical 
factor also determines the transportation of the vitamins by the 
blood-current, their linking to other substances, their adsorption 
and their storing, as, for instance, the above-mentioned specific 
affinity of the retioulo-endothelium to lipoid-soluble vitamins. 

Summing up these phenomena, a great resemblance is found 
between the action of vitamins B| and C and their antagonism to 
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the action of vitamins A and D, whilst the latter are antagonistic 
to each other. 
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RECENT ADVANCES IN SCIENCE 

ASTRONOMY. By K. W. WBiai^KY, M.A., F.R.S.E.» Royal Observatory, 

Edinburgh. 

The Mount Wilson Annual Report. — As usual, Dr. W. S. Adams, 
in the Annual Report of the Director of the Mount WiUon Observatory, 
1936, gives a most interesting record of progress in many directions. 
The appearance of two bright novse, Nova Herculis 1934 and Nova 
Laoerta3 1930, within a period of eighteen months afforded an 
unprecedented opportunity for the intensive study of tliis class of 
object, which still presents many features difficult of explanation. 
Nova Herculis remained relatively stable throughout the year as 
regards both luminosity and spectrum. Between March 1935 and 
February 1936 emission bands formed the most prominent feature 
of its spectrum, and most of these, in addition to the absorption 
lines, have been identified. The widths and character of the bands 
have shown remarkable changes, which, combined with the dis- 
placements observed in both dark and bright lines, support the 
now generally accepted hypothesis that the outburst of a nova is 
caused by an explosive impulse which drives off from the star suc- 
cessive envelopes of highly condensed material out of which gaseous 
atoms later evaporate. 

Nova Lacertte 1936 proved of exceptional interest because of 
the very rapid changes shown in its brightness and in its spectrum, 
in addition to the unusually high velocities and accelerations 
observed in the expanding envelope of gas. On June 24 a velocity 
of approach of 3400 km. /sec. was measured for a strong absorption 
component of hydrogen. This is the highest velocity ever measured 
in a nova belonging to our galaxy, while accelerations up to 300 
km. /sec.® within 24 hours were fotmd during the first few days 
after the star’s discovery. The absolute magnitude of the nova 
was estimated by Wilson and Merrill from measures of the intensities 
of the interstellar absorption lines of calcium and sodium, reduced 
by a calibration curve based upon their results for a large number 
of stars. The distance of the nova is given as 800 parsecs, 
and its absolute magnitude at maximum as — 7*2, indicating a 
luminosity at least 70,000 times that of our sun. It is interesting 
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to note that it has been definitely identified with a star of the 
fifteenth magnitude. 

A super-nova has been discovered by Hubble and Baade in the 
extra galactic spiral nebula N.G.C. 4273, one of the Virgo Cluster, 
and provides one of the most reliable determinations to date of the 
luminosity of these remarkable stars, which are the brightest objects 
of which we have any knowledge. At maximum its absolute 
magnitude was of the order of — 12-4, implying a luminosity at 
least 100 times that of Nova Lacertse and 10 million times that of 
our sim. It was found to fade nearly three magnitudes in 100 days. 
Velocities of the order of 6000 km. /sec. were estimated on the 
assumption of an expanding shell of gas. The ultra-violet spectrum 
showed a rapid fall of intensity towards shorter wave-lengths, dis- 
appearing completely at A3400, and it is probable that all the light 
was due to emission bands. This agrees with the hypothesis, adopted 
from observations of galactic novso, that the width of these bands 
gives an indication of the intrinsic luminosity of the star. 

The light curve of this star, one of the best ever obtained for a 
super-nova, is given by W. Baade in PM. Aai. Soc. Pacific, 48, 
226. It was observed from January 1 to May 22, and the photo- 
graphic magnitude rose sharply from 17 to a maximum of 14'8 and 
then gradually declined to 19’2. It thus proved to be considerably 
fainter than two super-novas previously discovered in other members 
of the Virgo cluster of nebulso. The last spectrum was secured by 
Baade with an exposure of over 17 hours on the nights of April 
21-3. He describes it as unique, in that it consists of a single wide 
band of great intensity, the other bands of the earlier spectrograms 
having apparently all faded away. Its extreme width of 203 A., 
corresponding to a velocity of expansion of the emitting gas shell 
of 6600 km. /sec., is in accordance with the theoretical work of 
Baade and Zwicky. 

At the other end of the scale are the dwarf stars with luminosities 
much lower than that of the sun and yet so close as to be readily 
observable. A search for such stars is going on at Mount Wilson, 
the examination being conducted among stars with large proper 
motions. Twelve stars have recently been found with luminosities 
less than one-hundredth that of the sun, and for two of these the 
proportion is only one ten-thousandth. Of special interest is a 
new white dwarf, Ross 627, whose luminosity is slightly more than 
one two-thousandth that of the sun. Its spectral type is about 
AO, and it shows the wide and shallow hydrogen lines characteristic 
of this class. According to the estimated parallax of 0'’089, it is 
among the three faintest white dwarfs known. 
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Van Maanen has recently completed a study of the relative 
abundance of intrinsically faint stars based upon 651 stars with 
well-determined parallaxes. Prom these a formula for the mean 
parallax of stars of different magnitudes and proper motions has 
been derived. The total number of stars in the whole sky with 
proper motions exceeding 0''*5 annually is about 2400, and the 
maximum frequency falls at visual absolute magnitude + 10*3, 
representing a luminosity about one-hundredth that of the sun. 

The question of the correct interpretation of the red shifts 
observed in the spectra of the extra-galactic nebute has been 
considered by Dr. Hubble and Professor Tolman. The apparent 
luminosities and the luminosity gradients in nebula} must both in 
any case be affected by the red shifts, but the amounts will differ 
according to whether the red shifts really indicate receding velocities 
or not. A provisional analysis of the observed data has not been 
successful in deciding definitely which is the true interpretation, 
but it appears that, if the sliifts are caused by velocities in an 
expanding universe, then the latter must have a positive spatial 
cm^vature whose radius is not greater than the observing range of 
the 100-inoh telescope. The velocity interpretation therefore 
necessitates a finite universe so small that most of it can be observed 
without the aid of the projected 200-inch instrument. An observa- 
tion by Adams and Humason bearing on this problem has been 
made with a grating spectrograph on the spiral N.G.C. 4151, whose 
stellar nucleus gives an emission spectrum. The rod shift which was 
found agreed exactly with a previous result obtained with prismatic 
instruments, thus disproving the suggestion that the frequency of 
a vibrating light source may vary while the wave-length remains 
constant.^ As the constancy of the velocity of light in its passage 
from the nebulsB has been indicated by Stromberg’s measures of 
the aberration of light from the distant cluster Ursa Major No. 1 
(Pvbh Aatron, 8oc. Pacific, 43 , 266), it now appears that Planck’s 
constant is also invariable within the same limit of error. 

The Structitre, MATBRiAiiS, and Density of the Earth and 
Planets. — The comparatively new science of seismology has thrown 
light on the densities and pressures of the various strata which 
compose the earth’s crust as well as on the natirre of the central 
core underlying them all. In MotUhly Notices B.A,S. Oeophysical 

^ In a discussion of the possible causes of the red shifts, H. J. Gramatski 
{Beitsohriftfiir ABtrophyaik, 8, 87, 1034), on the assumption that the observed 
loss of energy in the light quanta is due to a secular variation in the velocity of 
light, showed that it should appear as a Doppler effect in prismatic spectra, 
but should be absent altogether in grating spectra. 
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Supp., 3, No. 9, K. E. Bullen uses the evidence available from recent 
earthquake investigations to calculate the variations in density and 
pressure from the earth’s centre to its circumference. The mean 
density of the core, 10-89, is found to be somewhat less than had 
been previously estimated. The density and pressure at the centre 
are found to bo consistent with the existence of a central core of 
pure iron, with no appreciable admixture of a heavier metal such as 
nickel. The maximum density, encountered at a depth exceeding 
6000 km., is 12-26. At the boundary of the core, at a depth of about 
2900 km. the density changes abruptly from 9-93 to 6-47, this being 
known as the Oldham discontinuity. It was formerly considered 
that the density was a continuous function of the depth between 
35 km. and 2900 km., but Bullen finds that, while the decrease is 
steady from 3-38 at 100 km. to 3-64 at 300 km., between this latter 
limit and 400 km. there is another discontinuity, the density jumping 
sharply from 3-54 to 4-08. From 400 km. to 2900 km. the variation 
is approximately continuous, and the mean density of the matter 
outside the core is 4.45. Bullen gives a table showing the densities 
and pressures at the various depths, and also the ellipticities of the 
surfaces of equal density. 

In two papers in Monthly Notices R.A.S. Geophysical Supp., 4 , 
No. 1, Dr. Harold Jeffreys attempts to identify the materials com- 
posing successive layers of the earth from observations of the 
velocities in them of seismic waves. The continents are generally 
considered to be composed of a layer of granite about 12 km. in 
thickness based upon an intermediate layer about 24 km. thick of 
material probably variable, which in its turn rests upon a mass of 
olivine extending without much change in its composition or state 
to a depth of about 480 km. At this level the seismic waves show a 
definite change of velocity, implying a sudden change in the density 
of the material at a depth about 130 km. lower than was estimated 
by Bullen. This necessitates small alterations in Bullen’s figures 
for the density between that level and the core, and also for the core 
itself, the former being increased by 0-06 and the latter reduced 
by 0-18. The nature of the material below the discontinuity is 
uncertain, and it may be either a new state of the same substance 
(olivine) or something entirely new, A comparison of the densities 
and compressibilities of various substances shows that MgO with 
a small admixture of FeO, or possibly a silicate more basic than 
olivine, would fit in with the data, but there are apparently very 
few materials chemically plausible which have the correct mechanical 
properties. J. D. Bernal has suggested cubic olivine as a possibility. 

To aid in the solution of the problem Jeffreys considers the 



ASTRONOMY 


299 

inner group of planets, on the assumption that they are composed 
of the same substanoes as the earth. If the discontinuity observed 
in the structure of the latter is a change of crystal form caused by 
high pressure, a similar change at the same pressure should appear 
in all these planets, but if it represents an entirely new material 
there is reason to expect its appearance at a depth roughly in 
proportion to the radius of the body. In the case of the moon 
there is no sign of any discontinuity at all in structure, and even a 
central core seems absent. The pressure at the centre corresponds 
to a depth of only 160 km. in the earth, so the density of the moon 
is consistent with the pressure-change hypothesis, for a new material 
present in the earth would hardly be completely absent from her 
satellite. The data regarding the densities of Mercury and Venus 
are too uncertain for these planets to furnish a reliable test, but 
Mars, with a diameter nearly twice that of the moon and a moan 
density 1*2 times as great, should have a central pressure correspond- 
ing to that at a depth of 750 km. in the earth, and a similar dis- 
continuity in structure should accordingly be present. 

If, however. Mars is assumed to be mainly composed of olivine 
of which some is changed by pressure into a denser form, its calcu- 
lated mass comes out too small, and it is not possible to secure agree- 
ment by any permissible change in its adopted diameter. The 
planet must, therefore, consist of more than one material, and 
agreement with the astronomically observed mass can be obtained 
by assuming the presence of a central core of the same type as that 
of the earth but much smaller. The hypothesis of a new material 
would also fit the data, but the amount of it required is much greater 
than the moon’s density would suggest. The evidence from Mars 
is therefore indecisive, but Jeffreys considers that Bernal’s hypothesis 
of a high-pressure change of state of olivine presents fewer difficulties 
than any other. 

In this connection it is interesting to note that the Gold Medal 
for 1987 of the Royal Astronomical Society was awarded to Dr. 
Jeffreys for his researches into the physics of the earth and other 
planets, and for his contributions to the study of the origin and age 
of the Solar System. 

PHYSICS. By W. N. Bond, M.A., D.Sc., F.Inst.P., The University, 
Reading. 

Thb Msjasttrhmibnt ov Very Low Temperatures. — It was sug- 
gested by Debye (Ann. d. Physik, 81, 1164, 1926) and also by 
W. F. Giaque (Jour. Amer. Chem. 5oc., 49, 1864, 1927) that it would 
be possible to attain very low temperatures by magnetising a strongly 
paramagnetic substance at some low temperature and then letting 
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the specimen become demagnetised adiabatically. This method 
was first employed by W. J. De Haas (Nature, 132, 372, 1933) and 
has since enabled temperatures as low as a thirtieth of a degree 
on the Centigrade absolute scale (0 03° K.) to be attained. 

At very low temperatures (as at very high temperatures) there 
was at fiffst considerable difficulty in measuring the temperatiues. 
The original method depended on Curie’s law, which states that for 
paramagnetic substances the susceptibility per unit mass is inversely 
proportional to the absolute temperature. This law was known to 
be very nearly true at higher temperatures. By assuming its truth 
for lower temperatures (for some chosen substance) these low tem- 
peratures could be measured on an arbitrary scale, which over the 
upper part of its range agreed with the absolute scale. It was of 
course desirable that temperature on this arbitrary scale (the 
“ paramagnetic temperature,” T*) should eventually be determined 
on the Absolute or Work scale of Kelvin. Besides the intrinsic 
interest in making a comparison between the arbitrary and absolute 
scales, a comparison was also desirable in order to elucidate the 
properties of the paramagnetic salts that were being tised. In 
particular, the comparison would show to what extent the suscepti- 
bility of the substances departed from Curie’s law at very low 
temperatures, 

Nicolas Kiirti, Paul Laine and Prank Simon have now made a 
comparison between the ” paramagnetic ” and the “ absolute ” 
temperature scales, at temperatures less than one degree absolute 
{Comptes Bendus, 204, 764, March 1937). When the total heat, 
Q, of a body is slightly increased, the increase in entropy, dS, is 
defined by the equation dS = dQ/T, where T is the temperature 
on the absolute scale ; and hence T = (9Q/9T*)g/(3S/3T*)H. If the 
variations of S and Q with the “ paramagnetic temperature,” T*, 
are found, then the absolute temperature can be deduced. 

In order to find how the entropy, S, varied with T*, they mag- 
netised an ellipsoid of iron ammonium alum, at a known absolute 
temperature (about 1° K.), let it become demagnetised adiabatically, 
and measured the resultant “ paramagnetic temperature,” T*. As 
the change was adiabatic, no change in entropy occurred daring 
demagnetisation. This process was carried out for various values 
of the initial magnetising field. Now, the variation of S with the 
initial field (at 1° K.) can be calculated from the Langevin-Brillouin 
theoretical magnetisation curve ; and in each experiment the final 
value of S at nearly zero field and temperature T* was the same 
as the value of S when the specimen was magnetised and at about 
1° K. Hence the variation of S with T* can be deduced at once. 
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To find how the total heat, Q, varied with T*, they supplied 
thermal energy at a constant rate (by letting y I'a^ys be absorbed in 
the apparatus), and measured the paramagnetic temperature, T’^, 
after various intervals of time. It only remained to determine the 
rate of supply of thermal energy ; and this was obtained from the 
knowledge that the value of T* approximates to the value of T at 
the higher temperatures (where T is known). 

At temperatures greater than 0-1° K., the “ paramagnetic tem- 
perature ” T* was almost equal to the absolute temperature T 
deduced from the equation T = (3Q/9T*)j,/(3S/3T*)j}. At about 
0-06° K., T* was appreciably less than T ; but at about 0-035° K. 
the difference between them was very small. Finally, at 0-034° K., 
T* decreased very rapidly, till it became rather loss than half as 
big as T. 

From their results it was possible to deduce curves showing the 
variation of specific heat and entropy with absolute temperature, 
for iron ammonium alum. These curves gave evidence that the 
alum had a Curie point at about 0-034° K., being ferromagnetic at 
lower temperatures. 

In a letter to Nature (139, 878, May 22, 1937) J. F. Allen and 
E. S. Shire describe experiments they have made on the resistance 
of a piece of fine phosphor-bronze wire at temperatures below 1° K. 
They measured the “ paramagnetic temperature ” using iron am- 
monium alum either in granular form or in a roughly cylindrical 
form (about eight diameters in length). These specimens are of 
different shape to the ellipsoid (of axial ratio 8 : 1) used by Kiirti, 
Lain6 and Simon ; and hence Allen and Shire were unable to use 
the results discussed above to reduce their values of T* to the absolute 
scale. They give graphs relating R/Rt-j^K s-nd T*, which show a 
peculiarity at about 0-034° K. This probably corresponds to the 
peculiarity in the (T*, T) curve ; and it is likely that if the value of 
R/R* • 2 *K were plotted against the absolute temperature, T, there 
would not be any kink at 0-034° K. 

They are unable to tell whether phosphor bronze would become 
Bupraconducting at some temperature below 0-034° K. ; but they 
decide that, for a given specimen, a phosphor-bronze resistance 
thermometer can be quite conveniently used in the range of tem- 
perature below 1° K., and possesses approximately the same accuracy 
as does the ballistic measurement of susceptibility for the deter- 
mination of T*. 

A StXNDABD SoiTBOK OF SoUND AND THB MbASTTBBMXNT? OF 
Minimumc AtroiBiLiTv. — Various methods have been used for 
measming sound intensities in absolute units. For instance, 
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meaeurementB may be made with the Rayleigh disc ; or a standard 
Bouroe of sound may be devised, such as a piston moving with a 
simple periodic motion of known frequency and amplitude. 

In 1931 Professor Andrade suggested a new type of standard 
source {Diacvssion on Audition, Physical Society, 1931, p. 79). 
One end of a cylindrical tube was to be closed by the diaphragm of 
a loud-speaker, the other end being open and provided with a large 
plane baffle. The baffle was used in order to confine the emitted 
waves to the half space ; and the amplitude of the waves in the air 
inside the tube was to bo measured by observing the traces of smoke 
particles at an antinode. A recent paper (E. N. da C. Andrade, 
and R. C. Parker, Proc. Roy. Soc., A., 159, 507, April 1937) describes 
the development of such a source of known amplitude and its 
application to the measurement of the minimum sound energy that 
is audible. 

In order that it should not be necessary to measure the amplitude 
of the motion of the smoke particles on every occasion, the oscillator, 
amplifier and loud-speaker unit were designed to be very stable 
in their action. It was then possible to determine the input current 
necessary to produce a specified amplitude of motion of the smoke 
particles. Moreover, the amplitude was found to be directly 
proportional to the input current over the range of conditions 
employed. The oscillator frequency was always adjusted so as to 
be equal to the resonance frequency of the tube (about 400, 500 or 
600 cycles per second). 

It was necessary to surround the cylindrical tube with a ther- 
mostatically controlled tank, to prevent convection affecting the 
motion of the smoke particles. Various types of smoke were tried, 
that finally adopted being produced by burning magnesium ribbon. 
The smoke was fanned for some minutes before it was used, to 
produce particles of suitable and reproducible size. The mean 
radius of the particles, as determined by measuring the extent of 
the brownian displacement in a given time, was about 3 x lO""* cm. 
It was calculated that such particles should vibrate with about 
0-9999 times the amplitude of the air vibration. This prediction 
was confirmed experimentally, by noticing that the amplitude was 
the same for particles of appreciably different size. 

The apparatus was then used to measure the minimum energy 
neoessarj” for audibility. The standard source was mounted near 
the top of a building, with its baffle fiush with the wall ; and the 
observer was on the top of a neighbouring building The ground 
between was covered with sawdust, and the experim«its were 
earned out between 1 and 4 a.m. on Sundays, when there was very 
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little extraneous noise. The results compare satisfactorily with 
those of certain other experimenters. One interesting observation 
may be mentioned. At 410 cycles per second, the minimum energy 
necessary for audibility was definitely loss when the sound was 
being increased in intensity (till first audible), than when it was 
subsequently being diminished (till it was inaudible). This effect 
was attributed to aural fatigue. The difference between these two 
threshold energies was about 12 per cent. ; but at a frequency of 
646 per second the effect did not occur. 

Magnetic Hysteresis. — ^The magnetisation curve has been 
measured for single crystals of ferromagnetic substances, but in 
almost all cases short straight specimens have been used. In order 
to interpret the results, however, it is necessary to allow for the 
demagnetising field duo to the free poles at the ends of the specimen ; 
and for short cylindrical specimens the demagnetising factor is not 
accurately known. In an attempt to overcome this difficulty, 
K. J. Sixtus {Phys. Rev., 51, 780, May 1, 1937) has carried out 
measurements using a ring cut from a single crystal of iron. When 
a current is passed through a toroidal solenoid of wire wound on 
the ring, there will bo no demagnetising field in the usual sense, as 
the magnetising field is circumferential, and the specimen has no 
ends. A cubic crystal has, however, six directions of easy magnet- 
isation ; and the field changes its direction relative to these axes 
as we pass round the ring. Consequently, free poles may be pro- 
duced on the sides of the specimen ; but their demagnetising effect 
may be assumed to be relatively small. 

Now, according to Kaya (Zeits. f. Physik, 84, 706, 1033) and 
C. J. Gorter {Nature, 132, 617, 1933), the remanence of single crystals 
is not zero, but is equal to I,/l -f m -f- n), where I, is the saturation 
value of the intensity of magnetisation and I, m, n are the direction 
cosines of the field with respect to the crystal axes. K. J. Sixtus 
finds that his results confirm that there is a finite remanence, of the 
order of magnitude predicted. The value of I decreases from about 
1660 at H = 100 to about 900 at H = 0-02, then decreasing to zero 
for a “ coercive force ” or reversed field of about 0-18. There is 
evidence that the value of the coercive force depends on the direction 
of magnetisation relative to the crystal axes. 

It has been shown experimentally (Shoenberg, Proc. Roy. 8oe., 
A, 156, 712, 1936) that there is no hysteresis in the magnetisation 
ourve of a superconductor provided it is pure and has an ellipsoidal 
shape. This result has been explained theoretically, but it has not 
been found possible to predict what will occur for non-ellipsoidal 
specimens. In a recent paper (Proc. Camb. Phil. Soc., 33, 260, 
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April 1937) D. Shoenberg gives an account of extensive experimental 
work on the magnetisation curves (at a temperature of a few degrees 
absolute) of short cylinders of tin, lead, and tantalum, placed 
longitudinally or transversely in the field. 

The Values of Atomic Constants. — The numerical values of 
certain fundamental atomic constants have been discussed by R. 
Ladenburg, of Princeton (Ann. Aer Physiky 28, 458, Feb. 1937) and 
by Sten von Friesen, of Uppsala (Proc. Roy. Soc.y A, 160, 424, 
June 1937). Their conclusions are most easily presented in tabular 
form : 




Ladenburg. 

von Frlwicn. 

C X 10- 
(e/mo) X 10**’ 
e X 10*® 

cm. /sec. 

e.m.u./gm. 

e.s.u. 

2-99774 ± O-OOOll 
1-7676, ± 0-00026 

4 803 

2-99780 ± 0-00020 
1-7686 ± 0-002 

4-800 ± 0-006 

h X 10” 
fcc/2Tr€* 

erg-aeo. 

6-627 

137-06 

From 

Rydberg’s 

Constant 

6-609 
136-69 
From limit 
of X -ray 
ai>ectrum 

6-610 ± 0-016 

136-9 

i 


A. E. Shaw (Phys. Rev.y 51, 887, May 15, 1937) gives a preliminary 
account of a new determination of e/m for electrons (by a method 
that involves magnetic and electrostatic focusing of a beam of 
electrons). The preliminary value given is 

e/m^ = (1-7571 ± 0-0013) x 10’ e.m.u./gm. 

Ultimate Particles. — For several years it has been customary 
to account for the continuous ^-ray spectrum of radioactive bodies 
by postulating an elementary particle called a neutrino. This 
supposed particle, of small mass, no charge, very small magnetic 
moment, but having angular spin momentum, has not been detected 
and appeared to be undetectable. Dr. F. L. Arnot (Nature, 139, 
1065, June 19, 1937) believes that the /8-ray spectrum can be 
accounted for without assuming the existence of undetectable 
neutrinos. Dr. Amot^s explanation depends on considerations of 
energy interchanges between an atomic nucleus and the “ back- 
ground.” Following Eddington, we might describe the “back- 
ground ” as the quantum physicist’s method of treating the “ rest 
of the universe ” (the part that it was hoped was unimportant !). 

S. H. Neddermeyer and C. D. Anderson, in a paper entitled 
“ Note on the Nature of Cosmic-Ray Particles ” (Phys. Rev., 61, 
884, May 16, 1937), conclude that certain penetrating particles can 
apparently only be explained by one of the following hypotheses : 
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(a) that an electron ( + or —) can possess some property other than 
its charge or mass, or (6) that there exist particles of unit charge, 
but with a mass larger than that of an electron and much smaller 
than that of a proton. In a footnote they say that Street and 
Stevenson {Abatract No. 40, Meeting of American Phys. Soc., April 
29, 1937) have just reported excellent experimental evidence for 
particles such as postulated in (6) above. 

METEOROLOGY. By E. V. Newnham, B.Sc., Meteorological Office, 
London. 

Great American Floods. — The incidence of two such extra- 
ordinary floods as those of March- April 1936 and January 1937 
in the United States has drawn more than usual attention to the 
meteorology of American floods. In particular C. F. Brooks and 
A. H. Thiessen have made a special study of this subject and have 
published their conclusions in a joint paper that appeared last 
spring.^ Widespread and persistent falls of heavy rain in temperate 
latitudes are generally due to the interaction of cold wind currents 
of polar origin and warm moisture-laden winds of tropical origin. 
The meteorological history of the great American floods shows that 
in the United States the general rule is followed, for the authors 
of the paper just mentioned state that ‘‘ two elements are always 
involved in the production of a great flood in the eastern United 
States : a rapid and continuing flow of moist tropical air into the 
country and a frequent or persistent elevation of this tropical cur- 
rent by a colder air mass over the same region.’* They give a table 
with particulars of thirteen great floods between 1882 and 1937, 
some of which extended over two or three months. A curious 
point about this table is the information that it gives about the 
seasonal variation of great floods : none of these occurred in or 
extended to August, September or October, and only one in each 
of the months November and December. One might conclude from 
this that the period from mid-winter to July is the portion of the 
year when great floods are most likely to occur, in spite of the 
statement made two pages later that great floods occur only in 
winter and spring. The table actually shows, moreover, that there 
has been in the period considered one more flood in May than in 
any other month, July being next in company with January and 
April. In a section of their work dealing with the seasons of great 
floods the authors bring forward a number of reasons why a given 

^ “ The Meteorology of Great Floods in the Eastern United States,** by 
Charles F. Brooks and Alfred H. Thiessen, Qeographkal Betnew, Vol. XXVH, 
No. i April 1937, pp, 209-90. 
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amount of rain in the summer should be less effective in flood 
production than the same amount in winter. Among these is the 
greater evaporation in summer and the influence of vegetation, 
which last is said to be “ an effective interceptor of rain, a mechanical 
hindrance to run-off and a rapid user of ground water."’ Perhaps 
more stress on the first and last of these four influences would have 
led to better agreement with observed seasonal variation, for broadly 
speaking evaporation in excess of precipitation continues through- 
out the summer half of the year» as does the “ thirstiness "" of 
vegetation, and these two processes would tend to make the soil’s 
moisture content least at the close of summer and beginning of 
autumn ; capacity of the soil to absorb heavy rainfall is obviously 
an adverse factor for flood development and in only two out of 
the thirteen great floods the previous condition of the ground is 
recorded as having been dry. 

Turning now more particularly to the Ohio-Mississippi flood of 
January-February 1937, in December 1936 the sub-i)ermanent high- 
pressure area of the southern part of the North Atlantic expanded 
westwards from its normal position into the Bermuda region, with 
the result that great quantities of moist tropical air passed from 
the Caribbean Sea into the Gulf of Mexico and entered the American 
continent. By January 1937 it had come about that a band of 
northward-moving air about 2000 miles wide covered the region 
from somewhere east of Bermuda to the Mississippi and a little 
beyond. This met a southward-moving band of polar air, also 
about 2000 miles wide, that extended from the plains to the Pacific 
coast. The temperature contrasts that resulted were phenomenal. 
A map showing the average departure of the temperature from 
the normal for the season during the week January 19-26 gave a 
difference of more than fifty degrees Fahrenheit between the devia- 
tions from normal at the foci of the two areas of opposed anomaly. 
Throughout the month there were strongly marked fronts running 
roughly from south-west to north-east, and there were incessant 
heavy rains. During the ten days January 14-25, 13*69 inches were 
recorded at Memphis and 15*00 inches at Louisville, and through- 
out the Ohio River, except at Pittsburg, the river level reached 
the highest ever known. The discharge from this river was so 
great that for a time it reversed the flow in the Mississippi above 
the junction of the two rivers. There are close parallels between 
the meteorological events of this flood and some of the earlier ones, 
notably that of January-March 1913, except that all the events 
of that year took place a little farther north. March 1922, January 
1882 and December 1926 are also closely analogous, but with some 
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displacement of the area of heaviest rainfall. The floods of March 
1936 are of particular interest in that orographical rainfall apparently 
played an important part. The orographical rain seems to have 
intensified the frontal rain where the contours of the land provided 
sufficient obstruction. For example, at Pinkham Notch, at an 
elevation of 2000 feet on the south-east slope of Mt. Washington, 
N.H. (6300 feet), 6*46 inches fell on March 12 alone. This was 
followed by 10*32 inches on the two days March 18 and 19, the 
total for the fourteen days March 9-22 being 22-43 inches. The 
south-east winds on the mountain reached a speed of 158 miles an 
hour at one time during this period. 

The general conclusion reached by the authors in their survey 
is that the incideniic of great floods requires the simultaneous 
presence of two essentials : firstly, the continued presence of an 
area of high pressure over the southern part of the North Atlantic 
in such a position that the moist south-east winds on its south- 
western side jmss directly into the American continent, and secondly, 
the existence of southward-moving masses of polar air whic^h elevate 
the damp warm air when the two currents meet. 

Kinematical Features of Depressions.’ —A memoir with 
the above title has appeared recently.^ It is a study primarily of 
the depression of temperate latitudes considered as a vortex — 
subject that at one time occupied the attention of Aitken, Ray- 
leigh, Shaw and others, especially in the years 1915-18, but one 
which has tended to be overlooked since the Norwegian methods of 
analysis have greatly occupied the attention of meteorologists. 
This memoir attempts an analysis of air movements at different 
distances from the centres of a few depressions that were of a 
suitable size and suitably placed for a study of this kind, taking 
into account the existing distribution of anemometers giving a 
continuous record of the direction and speed of the wind. It is 
only a small proportion of primary depressions that are suitable 
for such studios, because most pass to the north of the British 
Isles and are so large that observations would only be available 
over a small part of their extent. Although the first object of the 
analysis was to establish general average relationsliips between air 
movement and distance from the centre of the depression, differ- 
ences of air mass were recognised and taken into account, notwith- 
standing that in the case of air masses of tropical origin the difficulty 
was encountered that such air can only be studied with the aid of 
anemometer records so long as it extends down to the ground, t.6. 

^ Meteorological Office, Qeophyaical Memoirs, B, No. 72, 1937, ** Kine- 
mattoal Features of Depressions,” by A. H. R. Goldie, D.Sc. 
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so long as the depression has a warm sector.” The analysis led 
to the conclusion that except in a central area of the depression 
the average air movement at the earth’s surface is roughly that 
of a simple vortex (velocity varying inversely as the distance from 
the centre). This was the case both in the front and rear of the 
depression, and was most nearly true in the cold (polar) air masses. 
In regard to the central area referred to in the last sentence but 
one, an approximation of average speed to distance from the centre, 
i.e. what would have been rotation like a solid disc except that 
there was considerable incurvature, was sometimes found in the 
polar air, but on the other hand it was observed tliat in such 
cases as were found of tropical air approaching the centre, a fairly 
constant and high average speed was maintained up to the centre. 
Some evidence was obtained that the diameter of the central area 
of polar air, with velocity approximately inversely to the distance 
from the centre, increases as the depression advances in age. Apart 
from these relationships between the average air motion and dis- 
tance from the centre, there was revealed a cell-like structure ; 
there was convergence both of cold and warm air below a height 
of 2 km. towards a part of the main front dividing the polar from 
the tropical air masses and passing through the centre of the depres- 
sion, and upward motion from it. Some resemblance was found 
here with the observed motion in small model convectional cyclones 
made by Aitken many years ago. In two cases that were studied 
in detail a line of convergence was found in the tropical air about 
400 km. south of the warm front. 

Turning to the problem of the cause of cyclone formation, a 
study of the circumstances attending the development or increase 
of intensity of depressions led to the conclusion that the required 
energy was derived mainly from the high speed of the tropical air, 
especially in the higher levels of the atmosphere, t.c. from the 
general planetary circulation of wind ; the trigger action required 
to begin the process of formation or intensification was thought to 
be the warming and humidifying of the polar air where it borders 
the warm front (further analogies with Aitken’s models were found 
here). No evidence was found of gravity waves causing cyclone 
formation. There was support for the idea of the main polar front 
as a horizontal vortex line, any point on which is a potential point 
of origin of a depression which would result from a suitable dis- 
turbance from below of the stability of the cold and warm air masses. 

These general conclusions were shown to be consistent with 
statistical relationships found by W. H. Dines between pressure 
and temperature in the troposphere and stratosphere, and to sup- 
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port in a general way the Norwegian conceptions of warm and 
cold fronts in depressions and the association of areas of precipitation 
with them. 
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BlO<mSMiaTRY. By W. O. Kermaok, D.So., LL.D., F.R.S.E., Research 
Laboratory, Royal College of Physioians, Edinburgh. 

White v . Wholemeal Bread. — ^It is perhaps true to say that, in 
relation to the problem of human nutrition in general, scientific 
knowledge has been accumulated much more rapidly than it has 
been found possible to apply it in practice. There is little doubt 
but that a dictator of <Uets, established in Great Britain at the 
present time, with unlimited power over men and materials, could, 
with a few strokes of the pen, at onoe raise physique and well- 
being to a very signifloantly higher level than that which now 
exists. But there has been one curious exception. It concerns 
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the commonest of all our foodstuffs, ordinary bread. For the last 
quarter of a century a public controversy has raged over the alleged 
inadequacy of white bread as a suitable stable foodstuff. It was 
generally agreed that the modern white breads were very poor in 
vitamin content, whereas there was some evidence that wholemeal 
wheaten breads contained at least some vitamin B. It has been 
hold by the one school of thought that large numbers of the com- 
munity, wliilst not showing frank signs of vitamin Bj deficiency 
(beri-beri), do a(;tually suffer chronically from a persistent under- 
consumption of this anti-neuritic factor. In particular they attri- 
bute much illness due to gastric; and other digestive disorders to 
this cause. Against this it is argued that an ordinary good mixed 
diet, apart from bread altogether, is likely to provide an adequate 
supply of vitamins of the B group, and that at the very worst, 
only a small minority of the population — the extreme cases of 
inadequate or unwise diet — suffer from this particular type of 
chronic deficiency. According to the first point of view, the uni- 
versal i>opularity of white bread, made from flour almost wholly 
deprived of vitamin B, is a foolish, and strongly anti-social fashion 
to be challenged and if possible altered ; the second attitude would 
regard this campaign as a passing ramp based on inadequate know- 
ledge of the facts and probably entirely misdirected. 

In order to decide between these rival views it is clearly neces- 
sary to know three things ; first, the average daily requirement of 
the human subject in respect of vitamin Bi ; second, the amount 
of the vitamin contained in the diets ordinarily consumed through- 
out the country ; and third, the vitamin B^ contents of the various 
types of bread. A few years ago, it was impossible to reply to these 
questions with any degree of certainty, but various recent investi- 
gations have provided reliable answers, and so enabled the con- 
troversy to be decided. As we shall see, those who roundly condemn 
the modern white loaf appear to have had the best of the argument. 

The last of the three points mentioned above — it is convenient 
to take this first — has been investigated by Harris and Leong 
(J.5.0./., 1937, 56, 195T), Harris (Biochem. J., 1937, 31, 799), 
licong and Harris (Biochem, J., 1937, 31, 812) and Baker, Wright 
and Drummond (J.8.C.L, 1937, 56, 191T). Before stating their 
results, it is of some interest to refer to the method of assay 
employed. Of the various components of the vitamin B complex, 
it is the anti-neuritic factor, aneurin, vitamin B^, which is chiefly 
in question. The original method of testing a substance for the 
presence of this factor was to administer it to pigeons, or other 
suitable test animals, which had developed convulsions as the 
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result of prolonged deprivation of the vitamin. A more recent 
method is that which depends on the observation of the rate of 
growth of rats. In the absence of vitamin Bi in the diet, other- 
wise complete, the growth is retarded, but is then remarkably 
accelerated after the administration of aneurin. Harris and Leong 
(toe. cit.) find that this method breaks down when it is used for the 
assay of vitamin Bi in bread. The reason is a somewhat curious 
one. When the rather large amounts of the starchy materials 
which are required to supply reasonable quantities of the vitamin 
are given to these animals in their food, a characteristic digestive 
disorder known as refection ensues. Some animals pass large white 
faeces ; simultaneously the symptoms of vitamin deficiency dis- 
appear and the experiment has to be discontinued. This peculiar 
condition has been described by Fredericia and others (J. Uyg,, 
1928, 27, 70) and Roscoe (J. Hyg., 1928, 27, 103). The setiology 
of the condition is not yet completely understood ; in some mys- 
terious way it seems to affect certain laboratories more than others. 
Methods depending on the cure of convulsions in animals are also 
imsuitable for assaying substances like bread, relatively poor in the 
vitamin, for, in practice, it is found difficult or impossible to 
administer the large doses required to cure an animal already 
almost in extremis. 

These difficulties are avoided by the use of the bradycardia 
method developed by Birch and Harris {Biochem. «/., 1934, 28, 
602). This depends on the fact that, when rats are kept for three 
or four weeks on a diet lacking in vitamin B,, the heart rate falls 
from the normal value of 600--650 to about 300 beats per minute. 
The administration of vitamin B, rapidly brings about an accelera- 
tion in the heart rate. If sufficient is given the normal level is 
restored. With smaller doses a definite but less marked effect is 
observed. In practice, observations are made by means of the 
electrocardiograph before, and every twelve hours after, the adminis- 
tration of a suitable single dose of the substance to be assayed. 
The number of days which elapse between the giving of the dose 
and the return of the rate to the initial low level is thus found. 
Observation shows that, within limits, this period is proportional 
to the quantity of the vitamin administered. As in all similar 
biological assays, it is necessary to make observations on several 
animals, and take the average result in order to eliminate individual 
variation. When the proper precautions are taken the method js 
reasonably accurate, the error being of the order of perhaps 10 per 
cent. Further, it is specific for vitamin Bj — the earlier tentative 
claims of the authors in this respect have since been supported 
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by work with the pure crystalline vitamin. The fact that the 
effect is produced by a single dose, and does not involve prolonged 
feeding of the rat with the material to be assayed, avoids the diffi- 
culties of refection, so troublesome when the rat growth method is 
applied to farinaceous materials of low vitamin content. As com- 
pared with the rat or pigeon convulsion method, it has the advan- 
tage that the bradycardia makes its appearance whilst the animal 
is still relatively well and able to eat, and so the difficulty of 
administering the dose, met with in the convulsion method, does 
not arise. It is thus the only satisfactory method for the assay 
of farinaceous materials of relatively low vitamin content, such as 
the various types of breads and flours at present consumed by the 
public. 

Harris finds that ordinary white bread contains less than 0*2 
international units per gram of vitamin Bread made from 
wholemeal, that is, including the wheat germ and the pericarp or 
bran, as well as the starchy endosperm, usually contains over 0*8 
units per g., and may be as high as 10 unit per g. Bran loaves 
occupied an intermediate position — the samples analysed contained 
about 0*5 unit per g. It is interesting to find that bread to which 
special wheat germ preparations had been added, and which might 
therefore have been expected to bo specially rich in the vitamin, 
did not, in fact, show any striking 8uj)eriority over the simple 
wholemeal loaf. The assays of bread reported by Baker, Wright 
and Drummond, which were also carried out by the bradycarffia 
method, gave results in substantial agreement with those of Harris. 

In the course of a general discussion of the whole question. 
Baker, Wright and Drummond give some very interesting historical 
information. It appears that in England, the preference for whiter 
and whiter bread began to manifest itself towards the end of the 
eighteenth century, a possible cause being the prevalence at that 
time of inferior, crude and unwholesome dark-coloured breads. 
The standard English flour was then stone-ground, and though 
sieved through wool or linen cloth, contained sufficient of the germ 
and bran to give it a vitamin content of about 1*6 units per g. 
Developments, which took place about the middle of the nineteenth 
century, in the technique of milling, especially the introduction of 
the roller mill, which removed the germ and bran very effectively 
and produced a fine white flour, resulted in the flour ordinarily 
used in this country being almost entirely deprived of its vitamin 
content — Harris finds that various samples purchased in the 
ordinary market contained from 0 2 to 0-3 unit per g. 

We now go on to enquire whether this loss of vitamin is likely 
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to be of serious practical importance. To do this, it is first neces- 
sary to answer the other two questions raised above. Information 
as to the amount of vitamin Bi required by the normal adult to 
prevent beri-beri has been collected by Cowgill {The Vitamin B 
Requirement of Man, 1934, Yale University Press). He suggests a 
formula, according to which this preventative daily dose for any 
animal species is proportional both to the maximum size of the 
adult, and to the actual energy expenditure in calories. This is 
presumably a level of intake below that required for perfect health, 
for there is evidence that animals kept for a long period of time 
on a diet adequate to prevent beri-beri may yet show a general 
impaii'ment of health as the result of chronic vitamin B, insuffi- 
ciency. Thus Baker, Wright and Drummond report that, of 556 
mice kept for several years on a diet poor in vitamin Bj but suffi- 
cient to protect against beri-beri, a much larger number developed 
gastro-intestinal troubles as well as cardiac and renal disorders than 
in the control group. This supports the view that similar chronic 
Bi insufficiency may exist in human populations quite free from 
beri-beri. These authors come to the conclusion that a really 
adequate diet for male adults ought to contain at least 600 inter- 
national units per day. For any particular individual, the precise 
figure will depend on his size, and may be affected by special 
peculiarities of metabolism ; but we may take 600 units as the 
average lower limit. Do the diets ordinarily consumed throughout 
Great Britain provide this amount of the vitamin ? 

To calculate the vitamin content of any given diet we must 
know the vitamin content of the various foodstuffs. A largo 
amount of work has been carried out on this question. Much 
information has been collected in Cowgiirs monograph, and we 
may also refer to a paper by Baker and Wright {Biochem, J., 1936, 
29, 1802) who, using the bradycardia method, estimated the vita- 
min Bj content of a large variety of food products. A considerable 
amount of information is now also available as to the diets ordinarily 
eaten by various classes of the community. By combining these 
data, Baker, Wright and Drummond find that the average working- 
class diet contains only about 300 units of vitamin Bi, evidently 
well below the minimum requirement. Diets of even well-to-do 
classes were found to contain only 460-660 units, so that even 
these relatively sumptuous menus were barely protective against 
vitamin deficiency. 

What, then, would be the effect of substituting wholemeal bread 
for white bread ? It appears that, over a wide range of income 
levels, the average consumption of bread remains remarkably con- 
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Btant — about 66 ounces per week, or slightly over 250 g. per day. 
This quantity of white bread is not likely to contain more than about 
30 units, whilst as good wholemeal bread, proj>erly prepared, it 
should contain over 200 units. Thus the alteration in the type of 
bread eaten would at once raise the vitamin Bi content of the diets 
consumed in this country from 300-500 units to 600-700 units. 
It would, in fact, raise the intake of this factor from a subnormal 
to an adequate level. This important result would seem to be one 
calling for immediate attention from the authorities. 

Baker, Wright and Drummond refer briefly to some very inter- 
esting historical facts relating to diets in the past — they promise 
us a fuller account of the subject later. People used to eat more 
bread than they do now, perhaps 20 ounces per day instead of about 
10. This no doubt meant, in general, a lower standard of living, but 
assuming that it was the old-fashioned variety of good quality 
(stone-ground), it did at least provide a liberal supply of vitamin Bi 
— over 400 units might come from this source alone. Various 
records are available of diets provided in particular circumstances 
in the past. The results of calculations by Baker, Wright and 
Drummond are shown in the following table : 


Date. 

Diet. 

Uoita B| per day. 

1615 

Suggested diet for seamen 

640 

1670 

Solmer’s ration 

1000 

1686 

Patients in Bart.’s 

360-700 

1782 

Parish poor 

660-850 

1830 

Diet of John Dalton 

1230 

1836 

Prisoners, Ipswich prison 

700 

1838 

Poor Law Diet, City of London 

1060 

1838 

Poor Law diet, Dudley Union 

600 


As the authors remark, ‘‘ the best-fed members of the popula* 
tion to-day, whilst getting twice as much vitamin B, as people on 
a low income level, yet consume less vitamin Bj than the parish 
poor of the eighteenth and early nineteenth century.^' It would 
seem then that life in Merrie England in the good old days did 
have its advantages after all, at least as far as vitamin Bi is con- 
cerned. Our present problem might perhaps be more easily solved 
if attractive wholemeal breads were available at prices at least as 
low as those of the common variety. 

Catalase, Peroxidase and Cytochrome c. — Considerable 
advances have recently been made in our knowledge of enzymes, 
and, in particular, of those which contain hcematin or a hsematin 
derivative as a prosthetic group. It has been known for some 
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time, for example, that catalase, the enzyme which brings about 
the decomposition of hydrogen peroxide with the liberation of 
molecular oxygen, consists of a hsematin group in association with 
a protein. A standard example of this type of hasmatin-protein 
complex is, of course, hiemoglobin, but spectroscopic evidence indi- 
cates that catalase is analogous, not to haemoglobin itself, but to 
methromoglobin. The essential difference is that in methaemoglobin, 
the iron is in the ferric state, the protein, globin, here being com- 
bined with the oxidised haematin. Haemoglobin, on the other hand, 
contains reduced haematin, the iron being here in the ferrous state. 
As a result there is a characteristic difiTerence in the spectrum of 
the two compounds. The catalase spectrum is analogous to that 
of the methaemoglobin. On general grounds it seemed probable 
that the prosthetic group of catalase would prove to be actually 
identical with that of methaemoglobin — that is to say, that it would 
be the haematin derived from protoporphyrin and not from some 
allied porphyrin such as haemato- or mesoporphyiin. It is inter- 
esting, therefore, that Stern (J. BioL Chem,, 1935, 112 , 661) has 
now isolated the prosthetic group of catalase and has produced 
strong evidence that this presumption is, in fact, correct. This 
evidence is first, its conversion into a crystalline porph3Tin deriva- 
tive of known constitution, and second, the demonstration that it 
combines with the native protein, globin, to give a compound 
indistinguishable from methaemoglobin and converted into haemo- 
globin on reduction. As haematin has been synthesised by Fischer, 
and is therefore of definitely known constitution, the exact struc- 
ture of the prosthetic group of catalase is now completely known. 

Some years ago Kuhn, Hand and Florkin (Hoppe. Seyl. Zeit., 
1931, 201 , 265) found that the enzymatic activities of highly 
purified peroxidase preparations were proportional to their haamatin 
contents, the latter being estimated by conversion of the haematin 
into pyridine haemochromogen, and determination of the intensity 
of the absorption bands of the latter. Elliot and Keilin {Proc. Roy. 
Soc.y B, 1934, 114 , 210) were unable to confirm that these two 
quantities were always proportional to each other, and so regarded 
Kuhn’s conclusion that peroxidase was a haematin derivative as 
not completely proven. However, in a recent paper in which 
Keilin and Mann (Proc. Roy. Soc., B, 1937, 122 , 119) compare the 
peroxidase activity of various preparations, not with the total 
haematin content as estimated by the pyridine-haemochromogen 
method, but with a particular fraction determined spectroscopically, 
exact proportionality is found. The obvious inference is that the 
preparations employed contain varying amounts of an inactive 
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haematin derivative in addition to the haematin-containing enzyme. 
Keilin and Mann conclude that Kuhn’s conclusion was correct, and 
there would now seem to be no doubt that peroxidase, like catalase, is 
a derivative of haematin very analogous to methaemoglobin. The 
probability is that it, too, is derived from protoporphyrin though 
a direct proof of this is still lacking. 

There is now considerable evidence that cytochrome c (Theorell, 
Biochem. Z., 1935 , 279, 463 ; Koilin and Hartree, Proc. Boy, 8oc,, 
B, 1937 , 122, 298 ), one of the respiratory enzymes present in animal 
tissue, is also a similar methaemoglobin-like derivative of proto- 
porphyrin, though in this case the structure would appear to be 
slightly more complicated, as the prosthetic group combined with 
the protein would seem here to be, not a simple oxidised haematin, 
but a compound of the latter with an organic nitrogenous base 
(c/. Zeile, Z, Physiol, Chem., 1935 , 236, 212 ). It is probable that 
certain other enzymes will be found to belong to this catalase, 
peroxidase, cytochrome class. Thus histaminase, the enzyme dis- 
covered by Best {J, Physiol, ^ 1929 , 67, 256 ; 1930 , 70, 349 ) which, 
in presence of oxygen, inactivates histamine with liberation of 
ammonia, shows the characteristic reactions of this type of haematin 
derivative. Porphyrin derivatives have long been known to be 
widely distributed in Nature, and to play a very important role 
in vital processes. Chlorophyll and haemoglobin both contain the 
porphyrin skeleton as an essential part of their structure. The 
fact that it also enters into some of the most widely distributed 
and most important enzymes, emphasises how indispensable a part 
this remarkable configuration of atoms plays in the economy of 
Nature. 

GEOLOGY. By G. W. Tyrrell, A.R.C.Sc., D.Sc., The University, 

Glasgow. 

Editors' Note, — Dr. Tyrreirs contribution will appear in the next 
number. He completed his article before leaving on June 23 
for the International Geological Congress at Moscow, but it would 
appear to have gone astray in the post. 

BOTAKY. By Professor E. J. Salisbury, D.So., F.R.S,, University 

College, London. 

Wbbd Control— A mongst the plants which have of recent years 
spread with considerable rapidity in this country few have given 
greater cause for investigation than the Bracken. Some divergence 
of opinion has been expressed as to the actual rate of spread, some 
contending that this is normally slow, others that it is rapid. In 
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an interesting summary of the whole question of Bracken eradication 
{Agricultural Progress, XIV, 29-39, 1937) K. W. Braid points out 
that the Bracken, when growing in deep soils, has an extensive 
rhizomatous system that is in three strata. The lowest, about 
20 inches deep, may spread at a rate of more than a yard a year. 
From this arise branches which spread out at a depth of about 9 
inches, and from this second tier short horizontal branches are 
produced, which make but short annual increments in the horizontal 
direction, and have for their main function the production of fronds. 
In shallow soil, however, all three tiers of branches may occur in the 
upper 9 inches of soil. The total amount of rhizome, which contains 
the food reserves that must be exhausted if eradication by cutting 
is adopted, has been calculated as up to 40 tons per acre. Cutting 
by mechanical means costs about Is. 6d. to 2«. Od. per acre and by 
hand from 2«. 9d. to 3s. 6d. To be effectual, two or three cuts are 
necessary for the 6rst two years, and once a year for a further period 
of from two to five years. The entire cost of eradication by mech- 
anical means is probably from 15s. to 20s. per acre, whilst chemical 
methods by means of sodium chlorate are still more costly, and no 
satisfactory biological control has yet been found. 

A point of considerable importance raised by Dr. Braid is whether 
the rapid spread of the bracken during the past half-century may 
not be the result of the occurrence of seasons favourable to the forma- 
tion of prothalli and sporelings. If this be true it furnishes another 
instance, in the economic field, of the ecological importance of 
extreme conditions rather than the moan climatic state. 

A symposium on the biological control of noxious weeds and 
insects in New Zealand is reported in the New Zealand Journal of 
Science and Technology (XVIII, 7, 679-93, 1936). Dr. Miller here 
records that there are at least a million acres of land occupied by 
Bracken, that the annual value of wool is reduced by some £260,000 
owing to the burrs of Acoena, that Ragwort {Senecio jacobaea) is 
responsible not only for serious losses to cattle farmers, but also 
in the honey industry, and that the productivity of enormous areas 
has been greatly reduced by the Blackberry. Biological control 
methods have bwn most successful with Vlex europceus, for which 
the seed weevil {Apion vlicis) is employed. Experiments with the 
Ao»na Saw Fly are promising. The results with the Cinnabar 
Moth on the Ragwort have been rather disappointing, but there is 
considerable hope of satisfactory results from the Seed Fly (Pego- 
hylemyia jacobmat). The use of the stem boring beetle in the control 
of the Blackberry has had to be discontinued, owing to the larvae 
becoming predatory on Apple aiul other fi'uit trees. 



318 


SCIENCE PROGRESS 


Ecology. — In a paper on the physical properties of soil which 
affect plant nutrition (Soil Science, 44, 23-36, 1937) H. E. Stephenson 
and C. E. Schuster record a considerable degree of correlation between 
the quality of the soil aeration and the amount of root development 
of Walnut Trees. In soils with 10 per cent, to 20 per cent, of pore 
space at a depth of 10 feet the root length present in the 9 feet to 
10 feet horizon was about 10 per cent, of the total root system, 
whereas in poorly aerated soils the root growth showed but a very 
slight development below the level of good aeration. Thus with a 
pore space of only 5-10 per cent, almost no roots were present 
below 6 feet. 

The behaviour of seventeen species of grasses in relation to water 
loss has been studied by T. B. Paltridge and H. K. C. Mair. The 
grasses classified as xerophy tic on the basis of habitat and behaviour, 
when they reached the wilted condition, lost up to 75 per cent, of 
the water they had contained, whereas the wilted condition was 
attained in the mesophytes when the water residuum was still from 
50 per cent, to 75 per cent. Moreover, the rate of water loss at the 
onset of wilting decreased with the degree of xerophytism of the 
species. The species regarded as true xerophytes included /Sfipa 
nitida, Ozyropsie miliacea, Ehrhartia erecta, and Agropyron inter- 
medium ; xerophytic-mesophytos included Feaiuca rubra and 
Festuca mairei. 

Experiments are reported by B. A. Clee (Annals of Botany, 1, 2, 
325, 1937) which tend to show that the succubous arrangement of 
the leaves in foliose liverworts is more advantageous for water con- 
duction than the incubous arrangement. Plants of Plagiochila 
asplenioides were placed in the normal succubous and in an inverted 
incubous position, when it was found that the rate of water transport 
was much more rapid in the former than in the latter. 

An ecological study of an area some 18 square miles in extent 
near Bloemfontein has been published by G. Potts and C. E. Tid- 
marsh. The area is an elevated island of Karroo-like vegetation 
surrounded by bunch-grass plains. The rainfall exhibits a range 
of from 9 to 17 inches during the summer months, distributed over 
some 40 to 60 days, and a winter rainfall of from 15 to 6 inches 
with between 5 and 18 days of rain. The temperature exhibits 
marked extremes, ranging from a minimum of 14-4® F. to over 
97® F. Five scrub associations, three bush associations and one 
grassland association are distinguished. Interesting data are 
furnished regarding the climatic conditions on valley slopes facing 
north and south respectively. The suimy northern exposure is 
characterised by scrub and the southern aspects by the presence of 
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bush. This is attributed to the indirect effect of climatic conditions, 
resulting in a deeper soil with more humus on the southern slopes. 
On the north slope the soil temperatures at a depth of three inches 
in the summer ranged from 18® C. in the morning to 33® C. at 3 p.m., 
compared with temperatures of 13°C. to 18®C. on the southern slopes. 
In winter the northern slopes showed a range from 8 to 24° C. and the 
southern from nearly zero to 3® C. The relative humidity in summer 
falls to 42 per cent, on the north slope and to 60 per cent, on the 
south. It is concluded that the rapid erosion on the north aspect, 
due to the climatic extremes and greater down wash, has led to the 
accumulation of a deeper soil on the southern slopes and thus to a 
more advanced phase of vegetation (J . S. Afr. Boi., pp. 51-92, 1937). 

Moephology.— A further contribution by A. W. Hill regarding 
the methods of germination of seeds with a stony endocarp appears 
in the April number of the Annals of Botany (New Series, 1, 2, 
239-66, 1937). This includes a summary of all the types investigated 
which are placed in four major groups. Group I, represented by 
Sideroxylon, exhibits an irregular rupture of the endocarp. Group 
II, represented by the unilocular Prunus and Jvylana, and the 
multilocular Antrocaryon, Choerospondias, and Allospondias, exhibits 
splitting of the loculus, or loculi, into halves. In Group III, the 
endocarp throws off shutters or flanges ; one in Nyssa, two or more 
in Comus, Davidia and Canarium, where part of the side of the seed 
cavity forms the shutter, and in Panda, Tectona, SaccogloUis, etc., 
where the whole side is thrown off. In Group IV the endocarp opens 
by lids or caps, which are either simple, as in Cocos and Hypheene, 
or split into two, as in Pseudospondias, or are of the nature of stoppers 
as in Bertholettia, Lecythis, etc. 

In the same journal Mrs. Arber discusses the much debated 
question of the nature of the Amaryllidaoeous corona, from the 
anatomical standpoint. The stipules of the Pancratia) are shown 
to be non-vascular, and, where fused to form a cup from which the 
stamens arise, are evidently of staminal origin and also non-vascular. 
The corona of Narcissus and its allies is, however, held to be of a 
different nature, since it is traversed by numerous vascular bundles. 
These are orientated so that their xylems are towards those of the 
perianth segments, of which they are probably to be r^arded as 
enations. 

In view of the derivation of the uniovulate achene from the 
multiovulate follicle in the Banunoulaoess, it is of interest to note 
evidence of the same evolutionary tendency in the related Family 
of the Menispermaoeee. A. C. Joshi (Proc. Indian Acad. Sci., V, 2, 
67, 1937) describes the derivation of the single-seeded aohenes of 
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Cocculua villosua by abortion of one of the two ovules contained in 
each carpel when young. The ovary, though usually consisting of 
three free carpels, frequently contains a fourth which aborts. The 
functional upper ovule is amphitro}K)UB at first, becoming campylo- 
tropous later, and consists of two integuments, a nuoellus with a 
small epidermal cap and an embryo-sac of the normal type. 

ZOOLOGY. By Emeritus Professor W. Gaustano, M.A., D.Sc. ; G. R. 
do Beer, M.A., D.Bo., and J. A. Moy -Thomas, M.A.. The University, 
Oxford. 

0. Dubosoq and 0. Tuzet (( 7 . i?., Paris, 197, 1933, and 200, 1936) 
have described and figured a remarkable stage in the development 
of calcareous Sponges (Sycon and Grantia) which precedes the 
formation of the Amphiblastula larva. It has long been known in 
these forms that the embryonic stage which follows cleavage (here 
called “ Pseudoblastula,’* or stage A) is orientated in the maternal 
body with its vegetative polo of granular cells (usually eight) next 
a radial chamber, and its animal pole of numerous columnar cells 
(ultimately flagellate) away from it. I^ater, when the young 
Amphiblastula is fully constituted, with flagellate columnar cells at 
one pole and numerous granular cells, half invaginated, at the other, 
the embryo appears to have undergone a rotation, since the flagellate 
pole is now next the radial chamber and the granular pole away 
from it (the ** Pseudogastrula or stage B). It has been universally 
assumed that the flagella arise directly from the external face of 
the columnar cells. Both assumptions are now shown to be wrong. 
There is no rotation of the embryo, and, mirabile dictUy the flagella 
arise in stage A as internal structures within the Pseudoblastula 
cavity. How then do the granular cells, which were proximal as 
regards the radial chamber, become distal and how do the internal 
flagella of the embryo become the external flagella of the larva ? 

Owing to the initial orientation of the embryo these internal 
flagella of the columnar colls naturally point towards the radial 
chamber of the mother from the outset. Their tips jfrequently 
protrude from the embryonic cavity through the pore in the middle 
of the granular cells, which has persisted unclosed through all the 
stages of cleavage. Stage A, in fact, gives rise to stage B by a simple 
but complete reversal of surfaces. The cleavage pore dilates, 
converting the disk of granular cells into a ring. The internal 
surface of the flagellated hemisphere then rises up like a cone, and 
proceeds to “ loop the loop ” by protruding through the gaping ring 
of granular cells, while the latter continues to slip backwards ovw 
the flagellated cone until the process of inversion is complete. The 
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ring of granular cells then contracts on the distal side of the embryo 
and closes up. The result is a young Amphiblastula. It has been 
derived from the Pseudoblastula by turning literally inside out. 

For forty years we have been satisfied that Sponges, by reversing 
their larval layers at the metamorphosis, must be removed from 
the Coelenterates and regarded as a separate tribe of Metazoa, 
whether as “ Parazoa ** (i.e. offside animals) or “ Enantiozoa 
{i,e. inside-out animals). This newly discovered reversal of the 
embryonic surfa^ces may seem at first sight to cancel out the other, 
and to re-open a closed controversy. The French authors indeed 
are clearly inclined to treat the flagellated layer of Sponges as true 
^ndoderm. But the objections to this view are insuj)erable. 
‘^^ndoderm ” is a secondary derivative at the vegetative pole of 
an embryo. So also are the granular cells of a Sponge embryo. 
Its flagellate cells on the other hand are primary : they are con- 
stituted at the animal pole, and, in Ascons at any rate, give rise 
to the granular cells by secondary transformations (Minchin). No 
acrobatics of Sycon embryos can alter these fundamental facts. 

Moreover, the early development of the Sycons is definitely 
foetal, a ready cause of developmental vagaries. The embryo is 
enclosed in a celhilar “ placental membrane,^* which conveys food- 
materials from the maternal collar-cells to the primary granular 
cells of the embryo (Bendy, Gatenby). Buboscq and Tuzet’s own 
figures show a conspicuous enlargement of the placental cells where 
they overlie the granular disk of the embryo. The latter, in stage 
A, becomes in fact a pmrely trophic organ, accelerating the formation 
of flagellate cells, but, by the very fact of its specialisation, retarding 
the formation of dermo-skeletal cells — its primary function in other 
Sponges. It seems reasonable, therefore, to regard the subsequent 
inversion of surfaces as an adaptive reaction. It brings the animal, 
locomotive, pole once more to the front, ready to burst into the 
radial chamber, and carries the specialised trophic cells to the rear, 
where they appear to be quickly invaginated and divided up (possibly 
representing Minchin’s “ archseooytes ’’), wliile a new generation of 
granular cells proceeds to build up the belated store of dermo- 
skeletal cells, which constitute the posterior, vegetative, half of the 
ripe Amphiblastula. 

J. E. Smith (Phil Trans,, B, 227, 1937, 117-73) has given a 
thorough and well-illustrated histological account of the nervous 
system of Askriaa (Marthaaterias) glacialta, revising previous 
descriptions, and making at least a partial approach towards a 
synthesis of morphological findings and experimental studies of 
starfish behaviour. The finer structure of the radial cords and nerre- 
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ring is particularly well set out, and important conclusions are drawn 
from its stratification. Special relations are indicated between the 
more superficial multipolar cells and the incoming twigs of sensory 
fibres, and between the bipolar cells and the regular disposition of 
through fibres along speedway tracks in the deeper layers. Smith 
makes the outstanding discovery of a new system of lateral motor 
nerves,’^ segmentally disposed on each side of the arms. They 
seem to supply all the dermal muscles of the arms, as well as the 
muscles (“ lateral transverse *’) which connect the ambulacral with 
the adambulacral ossicles. The nerves have a well-defined origin 
in paired segmental thickenings of the ectodermal plexus outside 
the rows of tube-feet, opposite the intervals between the ossicles 
mentioned. From these bases the nerves, after penetrating the 
connective tissue and giving off twigs to the lateral transverse 
muscles, pass upwards between adjacent segments of these muscles, 
and freely cross the ventro-lateral corners of the coelom towards 
its lateral wall. They pierce this, and then resolve themselves into 
a tenuous sheet of subepithelial fibrils which continue their upward 
course beneath the coelomic epithelium over the whole of its lateral 
and aboral extent. Cu^not^s “ apical nerve is a local condensation 
of the coelomic fibrils in relation to a special thickening of the 
longitudinal muscles in the apical zone. Smith finds lateral nerves 
similarly constituted in all other types of starfish examined, so that 
they must be regarded as a characteristic element of the Asteroid 
nervous system. 

Lange’s nerves, which have so long been the only element in 
the hyponeural ” or coelomic system, apparently supply only the 
inferior transverse ambulacral muscles (i.e. the adductors). They 
are believed to be connected with the sensory system by strands on 
their outer sides which run into them from the outer angles of the 
radial cords. Thus the sharp separation between ectoneural sensory 
and hyponeural motor systems has been partly, at any rate, bridged. 
“ The disposition of the motor centres,” says Smith, “ is such as 
to suggest that stimuli perceived by the aboral surface of the starfish 
arm will be conveyed as impulses through the lateral motor nerves^ 
while response to stimulation of the oral surface will be effected 
through the sensory-motor reflexes of the tube feetf and through 
Lange's nerve vi& the radial nerve cord.” (Two misprints — muscles 
for ossicles — ^need correction in the last few lines of pp. 161 and 
156.) 

R. Dennell {Trans. Roy. Soc., Edin., LIX, 1937, 67-78) concludes 
a study of Peracarid feeding mechanisms with an account of that 
of the Tanaid Apseudes talpa, and, as promised in his previous 
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paper on the Cumacean Dmsiylis (ibid,, LVllI, 1934, 125-42), 
discusBes the evolution of both types from Proto-mysid ancestors. 
The subject, bristling with detail, requires the greatest p^ins in 
presentation, and both accounts are exceptionally well arranged, 
expressed, and illustrated. The Cumacea are shown to be essentially 
Proto-mysids with a maxillary food-filter, but with all the arrange- 
ments of the body profoundly modified by adaptation to a life of 
semi-immersion in sand. The carapace is practically closed below 
and behind against the inlet or outlet of water, and both apertures 
are carried forwards to the head end, which alone projects from the 
sand when at rest — the inhalant to the oral region, and the exhalant 
to the tip of the snout by remarkable transformations and adjust- 
ments of three pairs of maxillipedes. The feeding current to the 
filtering plate is feebly served by a reduced and inefficient maxillary 
pump, its function being taken over by the powerful exhalant 
branchial currents, which flow in jets over the usual filtering exits, 
thus sucking water from below through the maxillary filter. These 
currents are set up and maintained by up-and-down movements 
of the epipodite of the first maxillipede, which is enormously enlarged 
as a horizontal valvular septum in the carapace cavity, separating 
a dorsal exhalant from a ventral inhalant chamber. 

In Apsevdes also, though in a very different way, the respiratory 
currents in the reduced carapace chamber are set up by peculiar 
movements of an enlarged epipodite, and there is a corresponding 
relation to the exits from the filtering chamber, but here it is the 
inhalant current which draws part of its supplies from these exits, 
thus inducing a flow through the maxillary filter. Maxillary move- 
ments assist, but the combing arrangements are ineffective, and the 
creatures rely almost entirely on raptatorial methods for their 
nutrition. 

As contributions to bionomics these papers are most illuminating, 
but it is not easy to see how they throw light on “ the steps by which 
the higher Peracarida may have been derived,” the avowed object 
of the author’s researches. 

A series of important works has been devoted to the study of 
embryonic processes and movements during gastrulation. The 
conditions in ScyUium canicula have been studied by G. Vandebroek 
(Arch. Biol. Paris, 47, 1036, 499), who draws attention to the fact 
that under the heading of gastrulation, many different events are 
included, such as the formation of a two-layered sac and the segrega- 
tion of the future germ-layers. But in many oases gastrulation 
produces a ready-made thrw-layered sac, and some organ-forming 
regions are demarcated and individualised without being invaginated. 
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Vandebroek therefore proposes to define gastrulation as “ the trans- 
lation of the endoderm beneath the ectoderm.” 

Three groups of Vertebrates have been studied in the same sense 
by J. Pasteels, viz, Teleostei (Arch, Biol, Paria^ VI f 1936, 205), 
Chelonia (ibid,, 48, 1937, 105), and Aves (ibid,, 381). Of the 
numerous and important conclusions to which his work has led, it 
must suffice to state that all mesoderm is “ peristomial,” i,e, the 
distinction formerly made between “ peristomial ’’ and ” gastral ” 
mesoderm is unreal ; the so-called “ archenteric canal of reptiles 
is bounded by notochord and mesoderm ; the endoderm of birds 
arises by multipolar immigration ; the blastoderm variC/S in its form 
(open or closed = primitive streak) but is constant in its (invagina- 
tory) function ; the “ germ-layer ” is not a morphological unit, 
but a dynamic “ unit of manoeuvre.” 

In a study of the effects of exoplastic organiser -grafts, J. Holt- 
freter (Arch, Entw, Mech,, 134, 1930, 466) raises the question of 
homology as applied to inducing agent and tissue induced. Urodele 
organiser can induce horny teeth in Anuran tissue (which Urodeles 
never possess) : Anuran organiser can induce balancers in Urodele 
tissue (which Anura never possess). It seems that homology 
l>etweon organs implies genetic affinity between the organisms 
which induced them rather than between the tissues out of which 
they have been induced and formed. 

P. E. Lindahl, in a paper of capital importance (Acta Zool. 
Stockh,, 17, 1936, 179), has analysed the phenomena of “ animal- 
isation ” and ” vegetativisation ” of the Sea-urchin egg, which, as 
has been known for some time, may be effected by treatment with 
lithium and iodine or sulphocyanide ions. His experiments show 
that the mechanism involved, whereby morphological changes result, 
concerns local interference with respiration, in addition to other 
metabolic phenomena, and that the mechanics of echinoderm 
development may be t)e8t interpreted in terms of two antagonistic 
(” animal-vegetative ” and “ vegetative-animal ”) axial gradients. 
These gradients appear to involve different types of metabolism, 
and may therefore rest on differential distribution of specific sub- 
stances. 

Paukontology. — Gross (Senckenbergiana, 1937) and Stensid 
(Bull, Oecl, Inst. Vpaala, 27, 1937) have given very thorough 
descriptions of the neurocrania of Devonian Cladodont sharks, and 
both authors have come to the conclusion that these skulls differ 
very little from those of the modern Selachii, particularly Ohlampdo- 

Save-Soderbergh (Ark, f, Zod,, 29, B, 1937) has given a jMfe- 
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liminary account of a new type of fish, Rhyw^hodipterua dginensia, 
Upper Devonian of Scotland. In many ways it resembles the known 
Dipnoans, and was originally named (though apparently not 
described) by Traquair IHpterus elginenaia, but it differs from the 
others most markedly in the greatly elongated snout, which gives 
the head a very sturgeon-like appearancse, in the absence of the 
characteristic Dipnoan tooth-plates, and in the possession of ossified 
centra in the vertebral column. 

Romer {Bull. Mm. Comp. Zool. Harvard, 82, 1937) has described 
the brain case of the Carboniferous Crossopterygian MegaliclUhys. 
It is essentially similar to that of other Crossopterygii, but Romer’s 
phylogenetic conclusions are interesting and provocative. He 
concludes that the study of the fossil history of fishes leads one to 
the belief that the early Gnathostome had the visceral arches fused 
to the neurooranium, and that subsequently they have become 
free. Such a hypothetical skull would be derived directly from the 
Ostracoderm type by a shortening of the trabecular region. This 
shortening would be essential if Allis and De Beer are right in 
supposing the trabecula cranii to be the skeleton of the first 
visceral arch, which in the jawless Ostracoderms would still be gill 
arches. 

PHYSICAL. ANTHROPOLOGY. By L. H. Duduiy Buxton, M.A., 

D.So., Exeter College, Oxford. 

The ethnology and physical anthropology of the inhabitants, ancient 
and modem, of the American continent have been a matter both of 
popular and scientific interest ever since Bret Harte in his amusing 
ballad described the meeting of the “ Society upon the Stansilow ” 
and parodied the discussions about the Calaveras skull. Dr. 
Hrdlioka long ago put the older discoveries in their right place and 
thus cleared the air for the work which he and his successors are 
undertaking at present. In general terms the problems of aboriginal 
— as opposed to recent immigrant man — in America can be summed 
up as follows. First, what is the evidence for the existence of fossil 
man in America of a different type from the modern American 
Indian ? — ^the actual dating of finds we must obviously leave to the 
aroluBologists — secondly, what are the characters, if they exist, of 
the PalaeO'Amerinds, that is a non-Indian type of population, either 
ancient or modem ? Clearly these two problems are intimately 
related. Thirdly, the position of the Eskimo, whose remarkable 
achievements in living under the most uncongenial surroundings 
appear to be related to his physical form, has been carefully examined. 
Lastly, the classification of the modern Indian tribes is naturally 
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a matter of interest, though here we are on more technical 
grounds. 

The first problem has been recently approached by Dr. Albert 
Ernest Jenks in the monograph Pleistocene Man in MinnesoUi, 
published by the University of Minnesota Press. Briefly the 
archaeological position of the find is probably late glacial ** and 
contemporary with the formation of Lake Pelican, and dated in 
years it has been suggested 20,000 B.C., but estimates in years are 
so notoriously open to objections that the validity of this statement 
need not concern us. The physical anthropology is, however, of 
great interest ; here we have a skeleton which, with the evidence at 
present at our disposal, is dated before the close of the last glaciation. 
Unfortunately the skeleton is not that of an adult but of a girl of 
15, in whom the racial characters are not well developed. The 
teeth are the main evidence to suggest a difference from modern 
Indians and they are of a very large size, suggesting an approach 
in dimensions to Neandertal man, although there is of course no 
suggestion that this child is Neandertal. We have, in fact, another 
example of what our recent finds in the Old World are accustoming 
us to, the discovery of a skeleton of presumed considerable antiquity, 
but possessing the physical form of modern man. It is hardly 
necessary to point out the importance of this fact. If we find an 
ancient skeleton in an old geological bed and the skeleton appears 
after expert examination to resemble modern man, we are at once 
inclined to suggest that it is intrusive, but more and more evidence 
is accumulating to support the theory that man. Homo sapiens, goes 
much farther back than we had supposed, and if Dr. Jenks’ find 
can be thoroughly authenticated, and with the present evidence it 
looks very suggestive, we shall have another valuable support to 
the conclusions reached by workers in Europe and the Near East. 
I need only allude here to the Swanscombe finds and Miss Garrod’s 
recent work in Palestine, neither of which have yet been fully 
published. 

The second problem, that of the Pateo- Amerind, has also been 
advanced recently. It has been held for very many years that the 
PalsBO- Amerinds probably belonged to the same branch of mankind 
as the Australian aborigines, a theory to which Dr. Haddon lent 
the great weight of his authority, notably in his book the Races of 
Man. Others have, however, held that possibly some at least of the 
early people of America, still represented in South America, were 
rather of Melanesian affinities. It may seem strange to a layman 
that experts should differ on such a major question as the problem 
whether a skull should belong to one or other of the great racial 
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divisions of mankind, the woolly or wavy haired. Whereas, however, 
the difference in hair form is so distinct, the difference in cranial 
measurements between representatives of the most primitive of 
woolly and wavy-haired peoples is in some cases extremely small. 
Recently however further specimens have appeared. Dr. Hambly 
has reported that among the collections in the Field Museum in 
Chicago there are a few skulls from Yucatan, though in bad condition ; 
but judging from the measurements and illustrations they appear 
to be negroid in type. Mr. Trevor has brought back this spring 
some skeletons (as yet unpublished) from the Virgin Islands which 
appear from archsBological evidence to be definitely pre-Columbian. 
Morphologically there can be little doubt that the skulls are certainly 
negroid ; they might well come from certain parts of Africa or Oceania. 
The physical anthropologist is in these matters the slave of the 
archaeologist ; if the dating is right, then some form of negro was in 
America before the coming of the slave trade. Whence he came 
and how he travelled is a problem as yet untried. 

The third question which I put at the beginning of this article 
is the position of the Eskimo. The question is approached by Dr. 
Morant in Biometrika, XXIX, June 1937 (“ Eskimo Craniology 
based on previously published Measurements *’). Dr. Morant uses 
the coefficient of cranial likeness. He concludes that there is no 
correlation between geograpliical position and resemblance based on 
the coefficient, and suggests that this must be due to migi'ations. 
He has evidence of a number of existing types and one extinct type. 
It may presumably be concluded that the isolated position of the 
Eskimo has resulted in the formation of small local types. Some 
of the detailed measurements are of interest. Dr. Morant finds that 
the Eskimo tend to be extreme among the human race in several 
characters. First, the length of the skull of the extinct group 
examined is almost as great as the largest male average recorded 
for mankind ; this is of course associated with the large brain size, 
a characteristic of these people. Secondly, the narrowness of the 
nose, whether expressed as absolute breadth or as a percentage of 
the length, is extreme. This can probably be associated, as Thomson 
and Buxton have shown, with the coldness of the climate, but at the 
time their paper was written they were not aware of the extreme 
narrowness now recorded by Morant. Finally, though the nasal 
bridge is not particularly flat, the Eskimo possess the flattest nasal 
skeleton yet recorded. 

Turning to the relationship of the Eskimo with other peoples 
on the grounds of cranial resemblance. Dr. Morant obtains the 
following series : Modern Chinese — ChalcoUthic Chinese — Chukchi — 
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Western Eskimo — Central Eskimo — Greenland Eskimo. It has 
generally been suggested that the Chukchi living in the extreme 
northern tip of the Asiatic continent showed affinities with the 
Eskimo, and it is interesting to have this point confirmed by Morant’s 
observations. As yet we have no complete link with Europe, a 
link which might be expected from the close resemblance between 
the skulls of the Eskimo and the Palaeolithic skull from Chanoelade, 
at present a unique specimen. 

The distinction of linking up Europe and America anthropo- 
logically may possibly fall eventually to the lot of the Anatomical 
Institute of Helsingfors whose work on the polar and subpolar races 
of Europe is of extreme interest. The conclusions of several papers 
may be conveniently taken together. {Acta Instituti Anatomici 
U niversitatis Helsingfors, edidit Vaino Lassila, VIII. The individual 
papers are : Esko K. Naatanen, Veher die Anthropologie der happen 
in Suomi, Niilo Pesonen, Suomalaisten antropolisista ominaisuukaista, 
and the same author, Anthropologische U ntersuchungen an Bewohnem 
der Landschaft Savo). The first is an elaborate and extremely 
carefully documented paper based on observations both on skeletons 
and living persons. It is clear that the Lapps are remarkable for 
the extreme breadth of their head and represent in many ways a 
type among the Polar peoples as extreme on one side as the Eskimo 
are on the other ; they link up with most of Polar races of the Old 
World, and it is interesting to note that wo have thus two wedges 
of circumpolar peoples, one in Eurasia, characterised by very broad 
heads, and another in America, characterised by very long heads 
and showing affinities with Asiatics in the extreme north-east of that 
continent and with other peoples farther to the south. The Finns 
present an equally interesting study. In spite of their linguistic 
affinities, which connect them with many of the dark, straight- 
haired peoples of Asia — do we not speak of Finno-Ugrian languages ? 
— they are physically a fair folk. Pesonen found in Savo that of 
nearly 600 men and 376 women, 87 per cent, of the men and 83 
per cent, of the women had light eyes, 49 per cent, of the men 
and 47 per cent, of the women blond hair. Although he does not 
give the colour for the whole of Finland his other measurements 
suggest that probably if anything the proportion of blonds might 
be greater. Among the Lapps 31 per cent, of the men have light 
eyes but only 20 per cent, of the women. The hair appears to be 
rather differently classified and no comparison can be made. Gener- 
ally speaking, however, it is clear that this work is of great interest 
since we must revise our estimates of the Mongoloid peoples if we 
consider that black hair and brown eyes are a definite characteristic 
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of these peoples, and there seems no reason to doubt this ; then we 
must place the Lapps as a mixed race between the Wavy and 
Straight'haired peoples, while these observations on the Finns seem 
to confirm the suggestion of other writers based on craniological 
material that the Finns are racially of Nordic affinities. This 
abundant and careful material is clearly a most useful approach 
to what may well be considered a major anthropological problem, 

Frank H. Cleaver (Biomdrika, XXIX, 1937) discusses the human 
mandible biometrically. He concludes that the method of the 
coefficient of racial likeness does not lead to satisfactory results 
when applied to the human mandible. In some instances they show 
resemblance in type where there is certainly no close racial affinity 
and sometimes the reverse is the case. His figures are, however, 
extremely suggestive, and though this point is not raised by the 
author himself, it becomes clear that the exact technique which the 
Biometric school have now defined may prove of great value for a 
study of the mandible from the point of view of factors such as 
environment which cut across racial classifications. On the other 
hand, in the same number of Biomdrika Dr. Woo, in a “ Biometric 
Study of the Human Malar Bone,’’ concludes that while some 
measurements of this bone are of no value for purposes of classifica- 
tion there are other measurements which are of the same nature as 
such generally used criteria as skin colour, nasal index, and methods 
of estimating the flatness of the face and of prognat liiam, that is 
characters which tend to be more or less constant within any of the 
major races but which are of importance when groups within these 
major races are compared with one another. 

The papers so far discussed have been mainly on problems 
connected with the classification of man. In the Journal of the 
Royal Anthropological Institute^ LXVI, 1936, W. E. I-C Gros Clark 
and S. Zuckerman discuss a very different problem, namely The 
Endocranial Cast of the Chimpanzee.” The question may at first 
sight seem remote ; it actually has, however, a very practical bearing. 
It has been suggested that considerable information about the brain 
of fossil man could be extracted from a study of endocranial casts. 
The matter had never been tested experimentally and some of us 
were left to behold with admiration the conclusions which apparently 
could be drawn from a cast of the interior of an ancient skull ; we 
admired the brilliance of the deductions, but were often unable to 
understand how they were obtained. Professor Le Gros Clark and 
Dr. Zuckerman have now set our minds at rest. They examined 
the endocranial casts of six chimpanzees and later compared them 
with the actual brains ; their technique is thoroughly controlled and 
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somewhat elaborate but it resulted in casts which are probably as 
good as can be made and certainly better than most which could 
be made from fossilised remains. They conclude that very little 
information can be obtained about the grooves on the surface of the 
chimpanzee’s brain from the majority of their oasts, with one excep- 
tion, “ but even in this there is no certain trace on the cast of the 
precise disposition of some important sulci in the brain itself.” 
They criticise on the basis of their observations some of the conclu- 
sions which have been reached about the brain of Neandertal man. 
Finally they discuss in some detail the conclusions reached by Dart 
in a preliminary note about Australopithecms. It will be remem- 
bered that Dart’s examination of the endocranial cast of this fossil 
ape (R. A. Dart, Nature, Feb. 7, 1927, and Natural History, XXVI, 
No. 3, 1926) led him to believe that the ape possessed certain human 
characters, which suggested that it occupied an important position 
in regard to human evolution. After a study of the endocranial 
casts of the chimpanzee the authors conclude that the furrow which 
Dart identifies as representing the sulcus lunotus exactly resembles 
both in appearance and position the furrow on the casts caused by 
the lambdoid suture, and they conclude that apart from the propor- 
tions and general contour of the endocranial cast, which they 
believe would repay a detailed comparative study, “ there is nothing 
to suggest that Australopithecus possessed in its cerebral anatomy 
any features indicative of an approach to a human status.” These 
conclusions based as they are on experimental evidence supported 
by a rigorous technique should be of the greatest importance in the 
future study of remains of fossil man or of those of his relations 
which chance or purposive excavations may bring to light. 



NOTES 

Fishery Investigations (E. F.) 

Although scientific research is of undoubted value to industry 
and commerce, it is difficult to assess the economic value of indi- 
vidual investigations. For in this matter, as in sport, one is apt 
to be impressed more by the actual scoring of a “ goal ** than by 
the solid work in “ mid-field ” which leads up to it. Goal-scoring 
is spectacular and its significance easily comprehended by all, 
whereas mid-field work, however brilliant and valuable, is by 
natiu*e more technicsal and therefore appreciated to the full only 
by those who are conversant with the finer points of the game. 

Fishery research is scoring its goals — it would fail in its purpose 
if it did not do so — but these are the fruits of much patient and skil- 
ful work in many branches of enquiry. Review copies of a number 
of publications ^ dealing with recent researches at the Government 
fisheries laboratories at Lowestoft and Aberdeen bear out this point. 

^ F. M. Davis, An Account of the Fishing Gear of England and Wales, third 
edition. Ministry of Agriculture and FisherieR, Fishery Investigations, 
Ser. II, Vol. XV, No. 2, 1936 (H.M. Stationery Office, 6«. net). 

D. S. Raitt, The Haddock Stocks of the North-East Atlantic, 1916-1935, 
Fishery Board for Scotland, Scientific Investigationfl, 1936, No, 1 (H.M. 
Stationery Office, 1^. 6d. net). 

A. Bowman, Lenum Soles (“ Pleuronectes microcephahis ”). Marking Experi- 
ments in Scottish Waters during the Period 1919-1931, Fishery Board for 
Scotland, Scientific Investigations, 1936, No. 1 (H.M. Stationery Office, 
2s, net). 

S. G. Gibbons, “ Calanus finmarchieus ” and other Copepods in Scottish Waters 
in 1933, Fishery Board for Scotland, Scientific Investigations, 1936, 
No. 2 (H.M. Stationery Office, 2s. net). 
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Mr. Davie’ most informative Account of the Fishing Oear of 
England and Wales, first published in 1923, now appears in its 
third edition. This standard work of reference to the construc- 
tion and use of our country’s varied fishing equipment is brought 
up to date by the complete re writing of the section which deals 
with the Vignerol-Dahl dear— now the most important trawling 
apparatus. Mr. C. F. Hickling, who has had much first-hand 
knowledge of the subject, is responsible for this useful addition. 
An important new chapter deals with the question of modifications 
of fishing gear, designed to mitigate the ill-effects of the destruc- 
tion of small unmarketable fish — ^a question of first-class interest now 
that Great Britain’s fishing is subject to regulations governing the 
size of mesh which may be used. 

Dr. E. S. Raitt reports on the stocks of haddock in the north- 
east Atlantic and their fluctuations over the twenty-year period 
1916-36. He produces soimd evidence to show that the haddock 
in this region exists in a number of geographically separate popu- 
lations, of which the chief are the haddock of Iceland, of Faroe, 
and of the North Sea and contiguous waters less than 200 metres’ 
depth. Each of these independent populations is subject to marked 
fluctuation in the numerical strength of the new broods of young 
added to the stock yearly. And, of course, this brood fluctuation 
is followed by rise and fall in the yield of the commercial fisheries 
a few years later. Thanks to continuous study of the haddock 
stock of the North Sea, the Scottish Fishery Board has been able 
to build up a prediction service which issues every year a forecast 
covering commercial fishing for the next twelve months. The 
important point which now emerges, however, is that each of the 
other economically valuable haddock populations has its own (and 
different) amplitude of brood replenishment. Dr. Raitt, looking 
into the futiu'e, visualises an international prediction service which 
will be in the position to intimate from year to year the varying 
prospects for the different fishing areas. 

A most profitable method of obtaining information on the life 
history, habits and migrations of certain fishes, is by liberating 
living fishes which have been marked with some form of identity 
disc. The amount of information obtained in this way depends 
upon (1) a marking disc which is simple to attach, not likely to 
be subsequently lost or to cause undue convenience or damage to 
the fish, and easily seen by the fisherman who recaptures the fish ; 
(2) the proportion of liberated fish which are recaptured ; and (3) 
the reliability of the information given by the person waking the 
recapture. Dr. A. Bowman gives an instructive account of mM'k- 
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ing experiments with the lemon sole in Scottish waters during the 
period 191^31. Of a total of 7,799 fish marked and liberated, 
1,015 (13 per cent.) were subsequently recaptured. Some fish (the 
non-migrants) remained more or less stationary within a radius of 
30 miles of the place of liberation, whereas others (the migrants) 
moved considerable distances. Out of the 1,016 recaptured fish, 
218 were migrants and 797 non-migrants. Migration is seasonal in 
character, being more intense from December to March, the rate 
of migration proving in some cases to be about two miles a day. 
The migratory course is definitely contranatant, and fish liberated 
in offshore regions approach the coast. A northward movement of 
adult lemon soles was established along the east coast of Scotland 
to the Orkneys and Shetlands, and a westward or south-westward 
course between these groups of islands. A southerly movement of 
some fish on the east coast south of Rattray Head was attributed 
to the presence of an eddy current system on the east Scottish 
Bight. Of the other interesting facts determined by these experi- 
ments it was shown that male lemon soles mature at a smaller 
size than the females. Males sexually ripe occurred throughout the 
year, although they were most numerous during the summer months. 
Ripe females were caught only from March to October, and chiefly 
from May to August. Furthermore, four definite spawning localities 
for the lemon sole were established. 

A highly important section of fishery research is the study of 
the “ plankton ” — the animal and plant life which inhabits the 
water layers between the surface and the bottom of the sea. Most 
fishes, during a longer or a shorter port of their lives, depend for 
food upon certain plankton organisms. The small crustacean 
Calanus finmarchicua, for example, is the most important fish-food 
constituent of the plankton in Scottish waters. Hence there is 
good reason for intensive study of its occurrence and distribution, 
such as is described by Dr. S. G. Gibbons. In England, detailed 
study of the mass occurrence of plant plankton (the phytoplankton) 
in its relation to fishing has been undertaken. Messrs. Savage and 
Wimpenny describe the location of enormous patches of diatoms 
in the southern North Sea, and state that the herring shoals tended 
to mass against the edges of these patches. The animal part of 
the plankton (the zooplankton) aggregated in a similar manner, 
though not in the same place as the herring. The diatom patches 
ooourring in the early part of October 1933 clearly delayed the 
arrival and assembly of the great East Anglian herring shoals. It 
was also observed that diatom patches are water-borne in a recog- 
nisable way, dependent upon the prevailing current-system in 
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different areas. Knowledge of this kind is of obvious signifioanoe 
to the herring fishers. 

Finally, Mr. Wright’s papers on the South Wales Oyster Beds 
and the Maldon (Essex) Periwinkle Fishery are a reminder that 
continuous investigation of shellfish and their fisheries is a recog- 
nised part of organised Government fisheries service. They also 
illustrate the way in which local administrative committees, anxious 
to maintain the prosperity of the fisheries under their charge, may 
be materially assisted by expert enquiry on the spot. The South 
Wales Sea Fisheries Committee, for example, had authorised a cer- 
tain amount of experimental work to be carried out during recent 
years in an endeavour to increase the local oyster population, and 
were anxious to know whether their efforts had met with success. 
The Corporation of Maldon, Essex, is responsible for the adminis- 
tration of the sea fisheries in a part of the estuary of the river 
Black water. During 1930, the Corporation was approached by a 
deputation of the local fishermen with a request that the bye-law 
prohibiting the taking of periwinkles otherwise than by hand be 
rescinded. The Corporation, while wishing to meet the demands 
of the fishermen so far as }) 088 ible, desired at the same time to 
conserve the stock of periwinkles, which provides a number of 
fishermen and other persons with a fair livelihood, from September 
to April, when most other forms of fishing are suspended in this 
region. They therefore applied to the Ministry for information 
which would assist them in coming to a decision. 

The A nnua l Report of the Calcutta School of Tropical Medicine 
and the Carmichael Hospital for Tropical Diseases, 1936 
(P. J.) 

Bt.-Col. R. N. Chopra, the director of the Calcutta School of 
Tropical Medicine, in his report for 1936 has again to announce 
the loss of a valuable member of the staff by the death of Lt.-CoL 
R. Knowles, the professor of protozoology and for some time 
officiating director of the school. The loss is a severe blow to the 
institution, following as it does within a year of the death of 
Lt.-Col. Acton, the professor of bacteriology and pathology. 

The report deals with the routine work of the various depart- 
ments and shortly with the special researches with which they have 
been concerned during the year. Among these may be mentioned 
the bacteriophage therapy experiments in connection with cholera. 
Of 1748 patients, 871 were treated with cholera phage and 877 were 
not treated with phage, the selection being made by taking alter- 
nate admissions, irrespective of age severity or general condition* 
Both series received the usual routine treatment for cholera, the 
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phage treated receiving in addition 2 c.cm. doses of cholera phage 
every four hours ; bacteriological examinations were made on each 
case on admission, and afterwards once in every 24 hours up to 
the complete disappearance of symptoms. Cholera phage used for 
treatment was prepared on freshly isolated agglutinable strains, 
and it was endeavoured to ensure the presence of all types of cholera 
phage in each brew. 

Taking the gross mortality of the two series — irrespective of the 
exact nature of the case and the cause of death — the rate was 
13‘2 per cent, in the phage-treated series and 15*72 per cent, for 
the controls ; this difference is not statistically significant. Among 
patients passing vibrios there is a mortality rate of 8*5 per cent, 
in the phage-treated (467 patients) and 18*06 per cent. (504 patients) 
in the control series. In a series of patients from whom agglutin- 
able vibrios were recovered the mortality rate was 8*5 per cent, in 
the phage-treated (400 patients) compared with 20*71 in the non- 
phage-treated. There were 2J times as many deaths among the 
controls as among the phage-treated series. The results show that 
in patients suffering from cholera, and in whom vibrios can be 
found, bacteriophage is of definite therapeutic value, and should 
be given an extensive trial. 

Opportunity arose for trying monkey malarial therapy in a 
number of cases of neuro-syphilis. P. Knowlesi causes a well- 
marked reaction, easily controlled by antimalarial drugs, and is 
free from many of the disadvantages of treatment with ordinary 
benign tertian infection transmitted by mosquitoes or by the 
injection of infected blood. 

The final analysis of last year’s investigation of anaemia in 100 
coolies shows that, with few exceptions, the anaemia wats of the 
microcytic h 3 rpochromio type and in no instance of the pernicious 
type. The response to treatment with large doses of iron in 39 out 
of 40 cases pointed to an iron deficiency anaemia, and the deficiency 
was possibly in the diet, but this was richer in iron than that of 
many non-anaemic communities ; the absence of milk and the low 
fat consumption is the striking feature of the dietary of these coolies. 
The water of the district contains a large quantity of iron, but this 
is in ferric state. Fractional gastric analysis in 87 cases showed 
the presence of free hydrochloric acid in 80 without administration 
of histamine. The incidence of achlorhydria is lower than occurs 
in the normal population, and the possibility that the iron deficiency 
is due to failure of absorption on this account is ruled out. 

In nearly every case hookworm infection was present. An 
examination of samples of stools from a normal coolie population 
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fshows about 100 per cent, infection rate, but only about 14 per 
cent, with heavy infection (10,000 eggs per grm.). It was not pos- 
sible to correlate the degree of anaemia with the severity of the 
infection as demonstrated by the egg counts. It is certain that 
ankylostomiasis is the chief causal factor of the anaemia, but, as a 
normal haemoglobin level is not incompatible with a heavy hook- 
worm infection, there is probably some other factor that determines 
why anaemia occurs in some cases and not in others. Malaria is 
also an associated factor, the spleen being enlarged in one-third of 
the cases, but there is no correlation between the size of the spleen 
and the degree of the anaunia. It has been shown that di^t defi- 
ciency is not an important factor, but there is some uiAnown 
factor limiting the final Hb level, and the level is not that of the 
city-dwelling Indian. 

The main factor in hookworm anaomia is the loss of blood and 
all its constituents ; iron treatment will restore to a certain level, 
but not back to normal. Antihelminthic treatment alone will not 
effect a cure, and almost maximal improvement can be obtained 
without any antihelminthic treatment. 

Investigation of anaemia amongst pregnant women in Assam 
showed that there is no sharp line of distinction between anaamic 
and normal women ; the mean Hb of a series (228 women) is 
9*22 grm., the normal coolio women Hb is 10 03 grm., and 6*875 grm, 
is regarded as the lowest level for normality. The Hb state of the 
general female population is low, but there does not seem to be 
any physiological lowering of the Hb level in pregnancy as is noted 
in other countries, nor is there evidence of any progressive Hb 
deterioration through the course of the pregnancy. 

There is a long report with many exhaustive tables from the 
Pasteur institute section which deserves careful study, but which 
space unfortunately does not permit to be included in this review. 
It is with the same regret that this note must forgo consideration 
of the sections dealing with skin diseases, leprosy, filarial infection, 
diabetes, public health, etc. 

The School of Tropical Medicine in Calcutta is indeed to be 
congratulated on the valuable and interesting results of the year’s 
work. 

** The Blood Groups of the Bantu of Southern Africa ” ' (P, J.) 

In this interesting paper the author considers the application of 
blood groups to ethnology. The material was obtained from 

^ Ronald Klsdon-Dew, Publications of the South African Institute for 
Medical Research, No. XXXIX, Voh VII, pp. 217-300. 
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5000 Bantu of southern Africa. It seems that the classification of 
Bantu tribes is quite arbitrary ; they comprise many ethnic sections. 
However, in spite of this, 500 individuals of each of 10 tribes were 
submitted to blood-grouping reactions, and the results are set out 
in a table. As might be expected, these show marked differences 
between the tribes ; e,g. group “ 0 ’’ varies from 42*6 per cent, in 
the Mpondo to 64*2 per cent, in the Tchopi, and there are similar 
differences for the other blood groups. 

The technique employed was carefully considered with regard 
to sensitivity and dilution of the serum and cells, the influence of 
temp^ture, the time taken for the reaction and the effect of interval 
before^ing the reagents, attention to the causes and exclusion of 
pseudo-agglutination, etc. The international classification of the 
groups (O, A, B, AB) was used ; no investigation was made for the 
M and N groups. Bernstein’s multiple allelomorph theory formed 
the basis of the arguments in the ethnological portions of the paper. 
The author has devised a chart for the presentation of blood group- 
ings which has advantages over the charts of Hirszfeld and others in 
showing the positions ojf p, q, r, as related to an “ origen ” ; plotted 
as circular areas the radius for each circle is taken as the greatest 
deviation, whether it be p, ?, or r. Hirszfeld’s biochemical index 
A + AB 

— is not applicable, as it takes no account of group “0.*^ 

B + AB 

The author contends that the black race, like the North American 
Indians long separated from the rest of mankind, originally had 

agglutinogens ; he suggests a prehistory of Africa based on 
serological findings and considers that the Bantu are the result of 
the interaction between the Caucasian races and a primitive black 
race showing little if any “ A ” and B ” ; they are serologically 
more primitive than, but unrelated to, the Bushmen, and it is 
probable that the Hottentot has had some effect, possibly only in 
recent times. 

This is a fascinating subject for research and is still largely 
unexplored. We shall look forward to further work from Dr. 
Elsdon-Dew. 

A New Journal of Microscopy ^ (P. W, J.) 

As “ a monthly journal devoted to the science and recreation of 
microscopy ** this periodical is an attempt to fill a gap in the litera* 
ture on microscopy. 

* The Mioroeoope : The British Journal of Microecopy and Ph<domicro* 
^raphy, Vol. I, No. 1, August 1937. [Pp. x -f 28.] (London : Arthur 
Barron, Ltd* It. per month or I2tf. yearly.) 

z 
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The contents of the first number cater for a wide range of tastes. 
The technique for mounting filamentous algee by the lacto-phenol 
method is dealt with at length, and there are articles on the cleaning 
of diatom frustules for mounting, and on marine diatoms. A serial 
contribution, ‘‘ The Microscope and Entomology,’^ deals in this first 
issue with the house-fly, while an account of Vorticdla occupies 
another article. Photomicrography receives its share of attention, 
with articles on stereoscopic photomicrography and on the accurate 
recording of coloiu* ; there are also details of the construction of a 
simple drawing apparatus for use with the microscope. The issue 
is illustrated by some excellent photomicrographs. 

Some of the contributions are not as free from misleading or 
inaccurate statements as might be expected in a journal of this 
type. Eor example, “ These spiracles are the insect’s lungs . . 
and in reference to Vorticella, “ . . . such vacuoles [food vacuoles] 
circulate in the inner substance, known as the ‘ protoplasm.’ ” 
There is, moreover, little excuse for the adoption, at times, of the 
usual newspaper practice of begiiming generic names with a small 
letter. 

Despite such criticism, it is to be hoped that this new publication 
meets with success. There is room for a journal for the amateur 
microscopist, and there seems to be little doubt that it is the editorial 
policy to produce a ijoriodical of this type. 

Miscellcuiea 

The Right Hon. the Earl of Athlone has been elected a fellow 
of the Royal Society under the statute which permits the election 
of persons who have rendered conspicuous service to the cause 
of science or are such that their election would be of signal benefit 
to the Society.” Three foreign members have been elected, namely : 
Prof. August Krogh, the physiologist, of (bpenhagen ; Prof. Otto 
Meyerhof, the physiologist, of Heidelberg ; and Prof. H. N. Russell, 
the astronomer, of Princeton University. 

The fii’st award of the Johannes Schmidt medal has been made 
to Mr. H. G. Maurice, president of the International Ciounoil for the 
Exploration of the Sea and fisheries secretary in the Ministry of 
Agriculture and Fisheries. 

Dr. B. Lyot of France, Prof. J. H. Oort of Holland and Prof. 
Shajn of Russia have been elected associates of the Royal Astro- 
nomical Society. 

Dr. F. F. Blackman has been awarded the gold medal of the 
linnean Society, and Dr. C. F. A. Pantin has received the Trail 
award. Dr. R. Dohm of Naples, Dr. H. A. Spoehr of Oalifomia 
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and Prof. E. Anderson of Stockholm have been elected foreign 
members of the Society. 

Prof. W. G. Cady of Connecticut has been awarded the Duddell 
modal by the Physical Society for his work on piezo-electric oscil- 
lators as standards of frequency. 

Prof. F. G. Donnan and Sir Napier Shaw received the honorary 
degree of doctor of science at the centenary celebrations of the 
University of Athens, and Mr. C. C. Paterson, director of the General 
Electric Co. research laboratory at Wembley, has had the same 
degree conferred upon him by the University of Birmingham. 

Prof. R. M. Gordon, professor of tropical diseases in the Univer- 
sity of Liverpool, has been awarded the Chalmers gold medal of the 
Royal Society of Tropical Medicine and Hygiene. 

We have noted with regret the announcement of the death of the 
following well-known men of science during the past quarter ; Prof. 
Alfred Adler, psycihologist ; Prof. Henry E. Armstrong, F.R.S., 
chemist ; Dr. J. W. Capstick of Trinity (k)llege, Cambridge, 
physicist ; I’rof. E. B. Elliott, F.R.S., emeritus professor of pure 
mathematics in the University of Oxford ; Mr. J. H. Field, C.S.I., 
formerly director of observatories, India ; Prof. A. W. Gibb, emeritus 
professor of geology in the University of Aberdeen ; Prof. Albert 
GriiBths, formerly professor of physics in Birkbeck College ; Major 
J. H. Hardcastle, ballistics expert ; Prof. H. H. JeflFcott, secretary 
to the Institution of Civil Engineers ; Prof. D. M. I^ewis of Aberyst- 
wyth, physicist ; Prof. A. R. Ling, formerly professor of brewing 
in the University of Birmingham ; the Marchese Marconi ; Sir 
David Masson, F.R.S., emeritus professor of chemistry in the 
University of Melbourne ; Prof. T. Mather, F.R.S., emeritus pro- 
fessor of electrical engineering in the City and Guilds College ; 
Prof. J. W. Michaelson of the Department of Natural History, 
Hamburg Museum ; Mr. R. J. Mitchell, C.B.E., cliief engineer and 
designer Supermarine Aviation Comjmny ; Prof. W. Natanson of 
Cracow, physicist ; Prof. S. C. B. Pennington of Reading University, 
agriculturalist ; Prof. A. G. Perkin, F.R.S., emeritus professor of 
Colour Chemistry and Dyeing in the University of Leeds ; Miss 
Dorothy Sladden, zoologist ; Prof. J. L. Stocks, vice-chancellor of 
the University of Liverpool ; Prof. J. Walther, emeritus professor 
of geology and palscontology in the University of Halle. 

Sir Robert Pickard, director of the British Cotton Research 
Association, has been elected vice-chancellor of the University of 
London. 
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Prof. P. M. S. Blackett has been appointed to succeed Prof. 
W, L. Bragg as Langworthy professor of physics in the University 
of Manchester. 

Prof. S. Sugden has been appointed professor of chemistry in 
University College, London. 

Mr. C. E. Jones has been appointed registrar of the Indian 
Institute of Science and Mr. R. B. B. Vonkatesachar interim 
director for a period of one year, their salaries being 1260 rupees 
and 1000 rupees per month respectively. Sir C. V. Raman has 
accepted the post of professor of physics in the Institute at a salary 
of 2600 rupees per month. 

The A. E. Hills chemical laboratories in the University of 
Birmingham were formally opened in July. The buildings cost 
£60,000 and the donor, Mr. A. E. Hills, has provided, in addition, 
£26,000 for post-graduate scholarships. 

The Earl of Rothes has accepted the appointment of Chairman 
of the Governors of Faraday House Electrical Engineering College, 
in succession to the late Lord Castletown. 

The latest issue of the quarterly Bulletin of the Imperial Institute 
(obtainable from the Institute, price 2s. 9d. post free) records the 
results of examination of a large number of samples of Tung seed 
and oil received from various countries of the Empire where the 
trees are the subject of experimental plantings, and also an investiga- 
tion of camel hides from British Somaliland. The articles include 
a paper by the Director, Sir Harry Lindsay, on the Imperial Insti- 
tute’s Services to South Africa, one on oil palms in the Belgian 
Congo by Prof. Ed. Le Plae, and another describing the tantalite 
deposits of South-Western Uganda. The “ Notes ” section covers 
a very wide range of topics, including a r^sum^ of the Report of the 
Committee appointed to enquire into the grading and marketing 
of wattle bark in South Africa ; the experimental cultivation of 
oil-yielding plants in the Irish Free State ; cacao shell as a foodstuff 
for cattle ; the effect of sarooptic mange in goats on the leather 
produced from affected skins ; the occurrence of selenium in soils 
and crops ; gold recovery by dry-blowing in Tanganyika, a method 
which enables work on the detrital deposits to be continued in the 
dry season ; the geology and mines of the Gwanda Mine Belt in 
Southern Rhodesia ; an interesting and important disoovery of 
stanniferous ironstone in Johore ; a new process for the production 
of alumina and recent developments in the production of aluminium ; 
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mud fluids for petroleum drilling ; the use of rare earths in the 
coloration and decolorising of glass, etc. 

One Note contains a brief account of the radium deposits dis- 
covered by Gilbert LaBino at a point to the north-west of Echo Bay, 
Great Bear Lake, in May 1930. The locality is only 40 miles south 
of the Arctic circle and, with the exception of the timber obtained 
locally and the oil fuel brought by water from Fort Norman, 246 
miles away, all the supplies for the plant and the 100 employees 
have to be transported by water from the railhead at Waterways, 
Alberta, a distance of 1375 miles. Eldorado Gold Minos Ltd., 
which works the mine, sends the ore to be processed at Port Hope, 
Ontario, 3000 miles away. Treatment started with a 17-ton ship- 
ment in 1931. In 1936, 22,000 tons were milled and by November 
in that year a total of 1 oz. (28 grm.) of radium had been obtained. 
The amount seems small, but it sufficed to halve the world price, 
and production is increasing, for the Company has contracted to 
deliver no less than 60 grm. this year. 

A Bureau of Human Heredity has been formed for the purpose 
of collecting as complete a record as possible of current information 
on human genetics. It is directed by a Council representing medical 
and scientific bodies in Great Britain and is affiliated to the Inter- 
national Human Heredity Committee. We are asked to state that 
the Council would be grateful to receive all available material, 
from Institutions and individuals, which furnishes well-authenticated 
data on the transmission of human traits of any kind. Pedigrees 
are particularly desired ; twin studies and statistical researches are 
also relevant. Research workers and others who desire to retain 
the sole right of publication (or copyright) are asked to accompany 
their material with a statement to that effect. Reprints are asked 
for and also details of pedigrees which have been collected for the 
purposes of a research and not published in full. The chairman 
of the Council is Prof. R. Ruggles-Gates, and the address 116, 
Gower Street, London, W.C.l. 

It is stated in the Report of the Food Investigation Board for 
the year 1936 that the results of the investigations carried out at 
the Ditton Laboratory during the last few years show that the pear 
responds even more favourably than the apple to gas-storage. In 
particular it has been found that Conference and William’s Bon 
Chr6tien pears can be gas-stored for several months and that after 
removal from storage the fruit ripens more slowly (thus allowing 
more time for marketing) than fruit which has not been stored in 
this way. It is believed that recent horticultural research justifies 
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a hopeful view of the cultural side of the industry which is quite 
important, since about £2,000,000 worth of pears are consumed 
annually in this country, and at present the home-producer supplies 
only about one-fifth of the demand. 

The third Repeyrt of the Academic Assistance Council states that, 
for legal reasons, the Council has resolved itself into a company 
to be known as the Society for the Protection of Science and Learn- 
ing, limited by guarantee of which the subscribers become members. 
The object of the Society remains as before, to assist “ university 
teachers and investigators of whatever country who, on grounds of 
religion, political opinion or ‘ race ’ are unable to carry on their 
work in their own country.’’ The last four words are j>erhaps un- 
fortunate even though their inclusion at the present time is im- 
material. The scope of the Society’s activity is increasing, for in 
addition to the help it is giving to refugees from Germany it has 
received appeals on behalf of scholars from Russia, Italy, Portugal 
and Spain. Everyone in the academic world is sympathetic towards 
the work which is being done, the sole adverse criticism arising from 
a fear that the activities of the Society may affect the careers of 
our own people. Permanent places have been found in Great 
Britain for 101 refugees and 127 are placed temporarily. The total 
is not large in comparison with the number of persons employed 
in the Universities and University Colleges alone, and one may 
presume that in some cases, perhaps in many, the permanent employ- 
ment of these foreign scholars has not resulted in the displace- 
ment of native workers or in the frustration of their just expec- 
tations of advancement. It is to be regretted, therefore, that the 
Council does not state the position, which at the worst cannot be 
very alarming, quite clearly. An analysis of the distribution of 
the scholars placed in Great Britain shows that 22 are at Cam- 
bridge, 18 in Oxford, 7 in Manchester, 7 in Edinburgh, 2 in Glasgow 
and 60 in the Colleges and Hospitals in London, University College 
heading the London list with 13 and the School of Economics a 
close second with 11. The Society has an unallocated balance of 
some £2,600 after provision has been made for all known demands 
up to July 31, 1938, and at the moment it does not j^ropose to make 
a public appeal for funds. An appeal will, however, be made when 
the needs of the future are better known. Meanwhile, contributions 
will be received very gratefully at the offices of the Society, 6, Gordon 
Square, London, W.C.l. 

The National Union of Teachers has published the very inter- 
esting address delivered at its Conference this year by Sir Philip 
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Hartog under the title Secondary School Examinations and the 
Curricula of Secondary Schools. Sir Philip opened with a discuseion 
of the purpose of secondary school examinations and of the deficien- 
cies of the present system as revealed by the Report of the Investi- 
gators of the Secondary School Examinations Council and of the 
International Institute Examinations Committee, and then put 
forward some suggestions for reform. 

It would seem that he regards these examinations as a test of 
the utilisable skill possessed by the candidates or of the progress 
they have made to that end while ignoring the fact that success 
in the examination as a whole implies not only the possession of 
some degree of knowledge and intelligence but also a capacity for 
learning and possibly for hard work, which is not entirely of negligible 
importance. The discrepancies in examiners’ marks are disconcert- 
ing especially when it is remembered that the scripts were marked 
after the examinations and so presumably received more detailed 
consideration than would be possible in the examination itself. 
Differences in the percentages of passes, credits and distinctions 
awarded by different examiners (or by the same examiner on different 
occasions) marking the same border-line scripts are not very impres- 
sive, since it is often by no means certain on which side of the border 
a border-line script should be placed, but differences in the average 
mark awarded by diflferent groups of examiners for the same scripts 
need explanation. They may arise in part from differences in the 
standards which have developed in the different Boards and in part 
from difficulties of assessment inherent either in the subject of the 
examination or in the type of question set. 

The proposals for reform include the abolition of the system winch 
requires a candidate to select his subjects in particular ways from 
definite groups, the issue of certificates showing the actual perform- 
ance of the candidates in terms of a scale of adjectives, and the 
removal of certain subjects, e.g. History, English Literature and 
General Science, from the examination, providing at the same time 
for their compulsory inclusion in the curriculum. As an appendix 
to his address Sir Philip quotes a speech made by Mr. C. L. Bryant 
of Harrow in 1930. Here stress was laid on the undesirability of 
forcing the curricula of the school examination on pupils whose 
abilities do not fit them for it, and it is surely on these lines that 
progress may best be made. 

The Cambridge University Press has published a little book by 
Lord Rutherford bearing the title The Newer Alchemy, based on 
the Henry Sidgwiok Memorial Lecture delivered at Newnham 
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College, Cambridge, in November last (pp. viii + 67, with 8 figures 
and 13 plates, 3«. 6d. net). It contains an account of the phenomena 
of the transmutation of the elements written with the clarity and 
simplicity which characterises all its author’s expositions. It will 
be read with enjoyment by all those who know or who desire to 
know something of the outstanding achievement of post-war experi- 
mental physics. 



ESSAY REVIEWS 

SCIENCE AND TRUTH. By H. Dinolb, D.I.O., A.R.C.S., D.So., 
AssiBtant Professor of Physics at tho Imperial College of Science and 
Technology. Being a Review of The Scientist in Action ; A 
Scientific Study of his Methods, by William H. OBORas:, M.Sc., 
Ph.D., F.lnst.P. L^^p. 356, with 31 figures.] (London : Williams & 
Norgate, Ltd., 1986. 10s. 6d. net.) 

Tins book is a “ scientific study ” of the scientist in action.” 
The writer is ” concerned always with what research workers can 
be observed to do.” It is ‘‘ taken as basic, that scientific research 
is a form of human action,” i.c. of ” anything a man may do, which 
can, with the current technique, be observed by others using coinci- 
dence observation. It follows by definition that speaking, writing, 
or manipulation of apparatus in a laboratory are forms of action 
but tliinking, believing, or feeling are not.” “It is customary to 
discuss the results of scientific research in terms of the idea of a 
unique and final kind of knowledge called truth or absolute truth,” 
“ The technique of scientific research is then regarded as a means 
of , . . finding out what things are really and truly like.” “ The 
Patterning Theory . . . developed in parts of this book,” on the 
other hand, “ starts from the human research worker, and the idea 
of agreement between human observers is used in place of the idea 
of Truth.” The Patternist “ never speaks of one theory being nearer 
to the truth than is another,” for his “ primary concern is with what 
men can be observed to do and not with what they think.” 

As a result of his inspection the Patternist declares that “ scien- 
tific research is a form of human action which gives two typical 
products . . . The first product is facts (judgments of coincidence 
for coincidence observations) . . . The second kind of product is 
such arrangements or patterns of facts as scientific classifications, 
laws, and theories,” Taking these two products in turn, we learn 
that “ the facts of science are sense data,” but “ not all sense data 
are usable in science.” “ Coincidence observation is used as a means 
of separating the sense data usable as basic in science jfrom other 
sense data,” because “an examination of human observation shows 
that agreement between dififerent observers is readily reached without 
the use of threats or torture if the different observers ore set to judge 
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coincidences. These elementary human judgments give the nearest 
to universal agreement that is ever reached, and are called either 
coincidence observations or facts.” But scientists are not satisfied 
with facts seen in isolation.” Moreover, ” more generally it would 
appear that all sense data come first in wholes and are later analysed 
into smaller and smaller wholes ending (in scientific observation) 
with the simple whole consisting of two parts, between which 
coincidence or the lack thereof is judged.” “ The term pattern 
property will . . . refer to any j)roperty which is characteristic of 
a whole, but not of the parts into which the whole may be divided 
for study.” “ One of the characteristics of normal human actions 
is that they fit into or complete or make a pattern.” Thus ” a 
scientific explanation is a patterning of facts.” 

The quotations which make up this statement have been taken 
from widely scattered sections of Dr. George’s book, and the reader 
may wonder whether, after the violent shuffling to which they have 
been subjected, they give a true ac(;ount of his thesis — or, shall 
we say, a pattern identical with his own. It is to be feared that 
they do not. I hasten to add, however, that this comes from no 
desire to misrepresent. On the contrary, 1 believe that Dr. George 
would accept the statement without demur, for, not sharing his 
renunciation of everything but description of behaviour susceptible 
to coincidence observation, 1 have ventured to summarise what I 
think is his actual meaning. The fact that it is not always identical 
with what he says follows, I should say, from his failure to maintain 
a consistent attitude and to visualise clearly the prospect before 
him. He has not succeeded in writing with his eye always on the 
object, and the matter which he has chosen to discuss is so vital that 
the failure is serious. 

To locate the source of the confusion it is necessary to visualise 
his problem as clearly as possible. Let us, then, try to form a mental 
picture of the situation. Here is Dr. George, mounted like a tennis 
umpire on some eminence above the field of operations of science. 
He watches what happens and gives an account thereof. He sees 
scientists working. Their activity is ” scientific research ” and 
what they produce is “science.” The material on which they 
work is a “ whole ” which they analyse into “ sense data,” and they 
then select “ facts,” or “ coincidence observations,” out of the pro- 
ducts of the analysis, and arrange these into other wholes, or 
“patterns.” What they are thinking, why they are so acting, 
whether their activity is g(K)d or evil, beautiful or ugly, true or false, 
tragic or comic, sacred or secular, he cannot say, because he cannot 
observe such things by coincidence observation. That is the situa- 
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tion, for the description of which there is clear textual justification 
in Dr. George’s book. Let us see what it implies. 

In the first place, such a view is a confused one because it 
pictures science as being in the field of operations — a creation of 
the scientists who are being observed — and also as, in part, a 
creation of the commentator, Dr. George, for his book is a “scien- 
tific study.” We are at once trapped in an infinite regress, from 
which we cannot escape by refusing, as Dr. George does, to use 
philosophical terms. He is one of the little fleas on the backs of 
the big ones, we (his “scientific” critics) are his parasites, and so 
on ad infinitum. 

This all-permeating defect of the presentation is very regrettable, 
because Dr. George’s case is fundamentally sound, his book is most 
timely, and it is excellently written. To use terms which he would 
probably deprecate, he has seen the light, but it has shone on him 
so fiercely that he sees nothing of what it illuminates but is conscious 
only of a uniform whiteness. He is, we think, unanswerable when 
he maintains that what the scientist does is to arrange certain 
experiences in a pattern which it is inappropriate to describe as 
truth, but we can only deplore the veritaphobia with which the 
realisation of this “truth ” afflicts him. For it is impossible to 
think rationally without the idea of truth being somehow involved. 
Turn it out of the door, and it flies in at the window. And indeed 
it is difficult to see what there is in this to cavil at. The window 
is the place for it : like the light, it has its own proper entrance 
through which it comes full and pure, while the door, which can 
at best give it partial admission in the company of unwelcome 
draughts, is best kept shut. We agree that the scientist is not, 
in any legitimate sense of the words, “ finding out what things are 
really and truly like,” but is not Dr. George trying to find out 
what the scientist in action is really and truly like ? If so, he is 
not, according to his own criterion, making a scientific study. If 
not, we must regard him as merely engaged in “a form of human 
action,” which we must refrain from valuing and which has in it 
nothing to mark its superiority to the behaviour of Professor X who 
describes science as a quest for truth. Dr. George has attempted 
the impossible : he has tried to describe science without using 
philosophy. “ The point of view taken up in tliis book,” ho says, 
“is throughout uncompromisingly non-philosophioal. ... As a 
scientist I cannot use the philosophical ideas of ‘ truth ’ and ^ valid- 
ity.* ” One who attempts to describe science with that attitude 
can only do one thing ; he can produce, as Dr. George does, a 
philosophy which is bad. 



SCIBNOB PBOaRBSS 


348 

That is not the whole of the trouble. Referring again to our 
mental picture of Dr. George as a commentator on the activities in 
the scientific arena, what we have just said is that he cannot signifi* 
cantly give scientific comments if “ truth ” is inappropriate to science. 
It is possible (and, we think, necessary) to put this right by admitting 
that it is fair to ask if his account is true, while denying that it is 
scientific. We can then proceed to the question — Is his account 
true ? In particular, is the idea of truth irrelevant to science itself ? 
Dr. George says yes, and we agree with him that the scientist is not 
“ finding out what things are really and truly like ” but simply 
arranging his experiences. But something equivalent (the word 
will come in) to truth must be recognised in science itself, or why 
do we prefer one arrangement to another ? To Dr. George a scientific 
theory is “ a policy of action ” ; the Patternist “ never speaks of 
one theory being nearer to the truth than is another.” But a ‘‘ bad ” 
theory can be a policy of action — a stimulant, in fact, to the making 
of observations which will lead to a “ better ” one. Dr. George 
would probably object that a “ bad ” theory gives an inferior 
pattern to a “ good ” one, but what is “ inferior ” ? It cannot be 
” less complete,” because any assembly must be a pattern of some 
kind. Can it be “ less logical ” ? No, because “ the rules of 
logical thought are regarded as rules of action,” so that the policy 
inciting to most action is (valuation being excluded) automatically 
the most logical. It might indeed be “ less beautiful,” because Dr. 
George admits that the Patternist asks, ‘‘ Do the facts arranged in 
that particular way give me aesthetic pleasure ? ” ; but elsewhere 
he seems to exclude such considerations, and, in any case, what is 
“ aesthetic pleasure ” doing in a discussion dedicated to what can 
be observed by the coincidence method ? No ; even in science 
itself, “ truth ” or “ value ” must be admitted as a necessary con- 
ception, and we are much better occupied in putting it in its proper 
place than in attempting the impossible task of excluding it alto- 
gether. 

The unsatisfactory character of Dr. George’s view of science is 
manifested in many ways : one must suffice for illustration— his 
treatment of the word “ existence ” as appUed, among other things, 
to the external world. To Dr, George, “ the idea of an external 
world is ... an hypothesis ... a patterning device ” ; it is a 
convenient form of words for expressing the manner in which 
coincidence observations are obtained, and since human beings also 
are necessary for such observations, “ the users of the Patterning 
theory can make no scientific statement whatever about a physical 
world or a mysterious universe which includes no human beings.” 
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When, therefore, ho says later that “ the thing called a chair can 
directly give aense data ; it can form one of the two parts essential 
for judgment of coincidence,” we understand that coincidence 
observations are the only significant things concerned. But now, 
since there are sense data other than coincidence observations, how 
are we to distinguish the two kinds 1 We cannot. Coincidence 
observations are defined in terms of external objects, and external 
objects are only a verbal expression for talking about coincidence 
observations, and we can only go round and round the circle. The 
same difficulty applies to human beings : are they also a verbal 
expression for indicating universal agreement ? If so, what dis- 
tinguishes agreement from disagreement ? If not, why assume their 
“ existence ” and not that of the “ external world ” ? Verily, the 
way of the Patternist is no primrose path. 

Yet, notwithstanding many defects which might have been 
removed had Dr. George meditated for a few more years before 
publishing his philosophy, his book is welcome, and more than 
welcome. That its shortcomings should receive chief attention is a 
consequence of the supreme importance of the purpose at which it 
aims. Nothing but bare, unvarnished truth is good enough in a 
description of science, but it is no mean achievement to expose 
and discredit the untruth that science is an attempt to find out 
what an external world really is. The manner in which Dr. George 
does this deserves high praise, and it says much for the positive 
merits of his book that they justify its appearance in spite of its 
imperfections. In a brief review it has not been possible to deal 
with more than the main purpose, but there are many incidental 
discussions and remarks which deserve more than a passing mention, 
such as the chapter on the future of experimental research and 
many of the comments on scientific theories. The numerous and 
lengthy psychological discussions, on the other hand, we read with 
mixed feelings. It is impossible not to feel that the questions 
raised can scarcely be dealt with authoritatively by a crystallo- 
grapher, but the treatment is often very interesting and suggestive, 
and it is refreshing to remain in Dr. George’s company while he has 
forgotten his principles. When we enter a discussion of whether 
sense data come to the scientist in wholes and are mentally analysed, 
or in units which are mentally synthesised ; or a discussion of 
theorising in which we learn that the origination of new ideas is an 
essential part of a theory and must come from an individual mind — 
we tremble lest Dr. Gwrge should suddenly remember that the 
acquisition of smtae data is not revealed to coincidence observation, 
and that the origination of ideas, which is thinking, is not a form 
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of action : but no, he goes on with numerous examples from his 
own experience and that of others, and we realise that he can rise 
above his creed. 

And he is eminently readable. Vivid, precise, epigrammatic, 
and even grammatical, his sentences convey his meaning — ^not, of 
course, without payment, but at the cost of an effort which is 
delightful, never tedious. If his main thesis is a tissue of errors 
redeemed by one glorious inspiration of rectitude, his writing is a 
uniform excellence slightly specked with mud. An appreciable 
part of the cost of printing might have been saved by the 
avoidance of such phrases as mental concept and “ a creed of 
thought (what other concepts and creeds are there ?), and when 
we encounter a quotation from Faraday for the third time before 
reaching p. 40 we feel that coincidence observation has unduly 
triumphed over pattern. But such blemishes are conspicuous only 
against the general rightness of the whole. No one who, in this 
mad rush of doing things, believes it is worth while to know what 
is being done, can fail to be interested and benefited by Dr. George’s 
book. It is as yet almost, if not quite, the only book of its kind 
to be obtained. 

OCEAN FAUNAS. By R. 8. Wimfenny, M.8c., Fisheries Laboratory, 

Low(istoft. Being a Review of Tiergeographie des Meerea, by 

8ven Ekman. [Pp. xii 542, with 244 figures.] (Leipzig ; Akade- 

inische VerlagsgesoUsclmft m.b.H., 1935. RM. 30.~, pai)er covers ; 

RM. 32.-, bound.) 

A CONSIDERATION of the observations bearing on animal distribution 
in the sea shows that, while incomparably the richest fauna and 
the subject of many special monographs in the last thirty or forty 
years, the littoral fauna has not yet been the subject of any general 
account. In supplying this deficiency Professor Ekman has pro- 
duced a work on the animal geography of the sea which is a first 
effort to deal with the subject on such a scale. 

In a short introductory section, the author gives to the science 
of animal geography the aim of synthesising the history of the 
animal world. The methods used fall into two chief divisions. 
First, the taxonomic study and registration of the fauna, and second 
the study of causal animal geography. This causality may, he 
suggests, be studied (a) from a taxonomic point of view, (6) in the 
light of phylogeny and ontogeny using the palaeontological record, 
and finally (c) by the help of ecology and its fundamental physiology. 
In the case of (a) we may seek to find the specific composition for 
the fauna of a certain habitat in order to find how this composition 
was attained. While the zoo-geographic value of a species may be 
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said to be broadly related to its taxonomic position, this research 
may be helped in several ways by the phylogenetic method suggested 
in (6). For instance, a given area may be better characterised by 
a species-group which is phylogenetically homogeneous within its 
genus than when this is not the case. Moreover, the importance 
of a species-group to animal geography grows in proportion to what 
is known about the group that is systematically nearest to it. 
Finally, species, genera and families acquire increasing value in 
relation to the degree to which they are endemic. The ecological 
explanation (c) deals with communities of various sizes treated as 
entities when dealing with their spread, survival and environment. 
The sort of question raised by the ecological outlook is ‘‘to what 
animal community does this fauna belong, and how did this com- 
munity arise ? ” Instances of small and large communities in this 
sense are those found on special grades of sea bottom in the North 
Sea, and on the other hand the whole fauna that swims or floats in 
the sea — the pelagic community. Another interesting example 
quoted by Ekman is the coral reef. Here, he says, we have an 
ecological entity which remains the same whether the coral organisms 
which form it are of one group of species or another. 

In a short concluding passage at the end of the book, it is pointed 
out that while the geographic distribution of animals depends upon 
the physiological characteristics of the organism and upon the 
environment, it is also subject to a third factor, the isolation of 
areas formerly continuous. This latter factor brings about a dis- 
continuous distribution in which may be seen the working of a 
divergent evolutionary process. 

In view of these ideas it is interesting to see how a consideration 
of the subject matter has been divided. Of 470 pages constituting 
the body of the work, 331 may be considered as dealing more or less 
intimately with a littoral fauna occupying a habitat between the 
shore and a depth of 200-^400 metres. Another 150 pages deals 
with the benthos and a final 86 suffice for the pelagic fauna. 

Apart from the fact that the littoral fauna lives in a more 
complex environment, and may therefore be expected to be differ- 
entiated into a greater variety of species and communities, it is a 
fauna that the author has made the subject of special investigations 
which give emphasis and authority to the attention paid to it in 
the book. 

The most important of the littoral faunas in respect of the variety 
of its species is that of the tropical area. Though this habitat 
contains many forms common to its whole extent, it may be divided 
into Indo-West Pacific, East Pacific, West Atlantic and East Atlantic 
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sub-areas whose species are to a greater or lesser degree character- 
istic. These sub-areas are divisible into still smaller regions of 
which the Malay and Caribbean Archipelagoes provide the first and 
second most diverse faunas in the whole world. Of particular 
importance to the divisions of the tropical littoral fauna is the deep 
part of the East Pacific, which, owing to its lack of islands forms 
a barrier or gap, separating the East Pacific from a fauna common 
to the Indian Ocean and West Pacific — the Indo-West Pacific 
division already mentioned. 

Though the East Pacific gap is not readily apparent as a barrier, 
whilst in reality it is very important, the land barrier at Panama 
between the East Pacific and West Atlantic, though more obvious 
appears to have been much less important. Many endemic genera — 
in a group of tropical crabs 33 — are common to both areas. In 
the species, too, a certain but smaller number of endemic forms — 
for the crabs only 9 — are common to both sides. The evidence 
from the present distribution of this fauna is in conformity with 
the view most widely held by geologists that the land barrier only 
dates back to the middle Miocene and that previously there had 
been a sea connection between the tropical Pacific and Atlantic. 
The latter area is richer in species than the former and it is thought 
for this reason that the Atlantic side has been the source of spread. 

In all tropical seas where the temperature does not go below 
20® C., and where there is little or no fresh water running off from 
the land, there is found the coral reef community. Where there is 
mud and fresh water on the tropical seashore there occurs the 
mangrove community. These two communities are specially dealt 
with in the book. Their limits clearly cut across those of the other 
divisions of the tropical littoral fauna, and are obviously made in a 
different sense. While the physiological nature of this is apparent 
enough, the difference has not been effectively dealt with, and leaves 
the reader with a certain amount of confusion. 

A chapter devoted to the Mediterranean- Atlantic and Sarmatio 
(Black and Caspian Sea areas) faunas again emphasises the import- 
ance of the geological and palaBontological explanation by referring 
many elements of these faunas to a common source in the Tethys 
Sea of the Middle Tertiary. 

In discussing the littoral fauna north of the tropics it is pointed 
out that the North Pacific is much richer in species than the North 
Atlantic. For instance, among the littoral fish species of North 
America 420 are given as occurring on the Pacific side, whereas the 
Atlantic has only 100. The Arctic fauna is so intimately related to 
the cold-temperate, that in the Northern Hemisphere there aace 
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only two main divisions of the littoral fauna, the tropical and the 
northern. In the Arctic the number of species has fallen away, 
but along the north coast of Siberia, there appears to be an increase 
in the number of individuals as the number of species diminishes. 

By contrast with the Arctic, the Antarctic littoral fauna (which 
on account of the distribution of land masses is strictly comparable 
with the extreme Arctic fauna) is generally wealthier in the number 
of its species. Ekman considers this greater variety of species 
explicable by the historic origin of the fauna. Between the Ant- 
arctic continent and the tropics a number of regions are distinguished, 
which, on account of the isolated distribution of the land masses, 
do not allow of intimate comparison with the northern hemisphere. 

The question of “ bipolarity is examined in a chapter of 
considerable interest in which the author discriminates between 
the bipolarity of related forms and the bipolarity of parallel 
phenomena. In the former, the animals of higher latitudes have a 
nearer taxonomic affinity with each other than with those of lower 
latitudes. On the other hand, the bipolarity of parallel phenomena 
shows itself in such things as the increasing individual numbers, size, 
thinness of shell, change in the way of breeding and a bipolar 
parallel development of species. It is, therefore, largely an ecological 
bipolarity. 

The benthal deep sea fauna is considered to begin between 200 
and 400 metres, and it is conveniently divided into an upper or 
arohibenthal zone above 1000 metres and a lower or benthal abyssal 
zone below this. It is emphasised, however, that these limits are 
arbitrary and subject to variation and fusion. For instance, a 
species that lives in very deep water at the equator may come to 
live nearer the surface at the poles. The horizontal distribution of 
the arohibenthal fauna resembles that of the littoral, but the benthal 
abyssal differs, in that the great depths of the ocean form no barrier 
to it. As a result (although there ore many cosmopolitan species) 
the benthal abyssal fauna can be divided into Indo-Pan-Paoifio, 
Atlantic, Arctic and Antarctic areas. 

All those animals which live in the sea clear of the bottom and 
the shore, and which either drift passively like the plankton, or 
swim effectively like the nekton, comprise the pelagic fauna. 

The plankton organisms may be divided according to size into 
nannoplankton 6-60 /i, microplankton 60-600 or 1,000/^, meso- 
plankton *6 or 1 millimetre to about 1 centimetre, macroplankton 
one to several centimetres, and megaloplankton creatures of still 
greater size such as the Siphonophora. 

Pelagic animals as a whole fall into two great communities^ the 
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upper pelagic fauna and epiplankton extending from the surface 
to 150 or 200 metres and the bathypelagio lying below that depth. 

The epiplankton is divided into cosmopolitan eurythermal, 
cosmopolitan cold water, warm water, cold water and neritic. The 
warm water pelagic fauna is on the whole circumtropical, but certain 
organisms are characteristic of special warm areas in the Atlantic, 
Indo-Pacific and Mediterranean. 

The cold water plankton wliich lies around the poles contains 
certain species present at lower latitudes in the underlying cold 
water wliich has submerged at the polar fronts. Of the two com- 
munities of cold water epiplankton, that of the Antarctic is richer 
in species than the Arctic. By comparison with the tropics and 
semi-tropics, the plankton of the cooler seas is richer in numbers 
but poorer in species. 

The divisions of the epiplankton just mentioned are mainly 
creatures whose whole life history is spent floating or swimming in 
the open waters of the ocean, but in the case of the neritic plankton 
which lives over the coastal banks in the neighbourhood of the land, 
many of its components are only spending a part of their life in this 
habitat. The neritic fauna compares with the oceanic in the same 
way that cold and warm water plankton compare — it is richer in 
numbers but contains fewer sjiecies. 

Though the bathyj)olagic fauna is thought to owe some of its 
species to the benthos, Ekman considers that it has been derived 
mainly from the upper pelagic fauna. It has strongly marked 
systematic independence. The circumterrestrial distribution of the 
bathypelagic fauna is more marked than that of the bathybenthos, 
but there are parts of it that are somewhat isolated and have thus 
come to take on especial characteristics as, for instance, the deep 
water of the Mediterranean which is isolated by the shallow Straits 
of Gibraltar. There is some evidence of a diiferential vertical 
distribution of bathypelagic organisms, though there is not sufficient 
known about this precisely to define the divisions. It is recalled 
that Meyer, in discussing the Radiolaria of the Valdivia expedition, 
has made the following division of the water layers. 

0~50 m. A well-illuminated zone with “ Phaoplankton 
and Collidce, 

50-400 m. A twilight zone of “ Knephoplankton ’’ and 
ChallengeridcB, 

400-1500 m. A dark zone of “ Skotoplankton ” and 

caroridee. 

1500-5000 m. ‘‘ Nyktoplankton and PharyngeUidoe. 

Looking back over pages which represent the oondensation of 
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an enormous amount of observation, one cannot but admire the 
industry that has marshalled it into chapters. There are, however, 
certain improvements which, in the eyes of the reviewer, might be 
made both in the mamier of presentation and the matter presented. 

Ill that considerable part of the book dealing mainly with littoral 
fauna it is not readily to be understood either from the legends at 
the top of the pages or from the titles of the chapters that this is 
the cose. Titles such as “ Moditerranean-Atlantic and Sarmatic ’’ 
and “ Atlantic Boreal do not immediately imply a littoral fauna 
to the uninitiated reader. Indeed, in the latter chapter archibenthal 
species are touched on when it would surely have been less confusing 
to leave their consideration until those chapters devoted to benthos. 
Though it is difficult to avoid a certain amount of reix^tition where 
a classification of the matter from different aspects tends towards 
over-lapping, this, one feels, should not extend to a figure of Meganyc- 
tiphanes norvegica which appears on pages 129 and 449. Mistakes 
in the text must be almost unavoidable in the first edition of a book 
of this size, but the only one to attract the reviewer’s attention was 
the placing of the Atlantic habitats of Salmo s. str. under the heading 
of Pacific distribution and vice versa in the table on p. 238. 

Throughout the book the author has kept well in mind his views 
on studying the causality of animal geography from a taxonomic 
and phylogenetic point of view. But he has not summoned the 
help of “ ecology and its fundamental physiology ” to anything like 
the same extent. Where, for instance, a community on one side of 
the isthmus of Panama has obviously come from the same stock 
as that on the other, it is natural for the author to accept the 
inference that the community with the greater number of species 
represented the source from which the fauna spread. The possibility 
that, beginning with a homogeneously distributed fauna, the part 
which has been isolated at a higher temperature might produce a 
greater variety of form, has not been considered. 

In discussing the numerical abundance and specific paucity of 
the cold water littoral and pelagic fauna, the author points out that 
these are special cases of a fundamental principle in the study of 
animal communities (“ biozonotik *’) established by A, Thienemann 
{Naturwias, Wochenachr, (N.F.), 17, 1918), Thienemann held that 
the more an environment left the normal and optimum for most 
organisms, the poorer in species, but the richer in numbers became 
the animal community. The reviewer is grateful to Professor Ekman 
for bringing Thienemann’s papers to his notice, as in ignorance of 
this prior work he has made a somewhat similar generalisation as 
a result of the consideration of fishery statistics (Report on the 
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Fisheries of Egypt, 1929). This consideration led to the observation 
that “ the mass of a community of living things becomes greater 
as its specific composition becomes simpler.’’ As mass appears to 
depend on food, the optimum for living organisms would appear to 
be more reasonably stated as lying with the species-poor com- 
munities of colder seas rather than with the meagre mass but high 
differentiation of the tropics. 

That Thienemann’s generalisation and its interpretation should 
have been accepted without discussion and that the considerable 
recent work on the effect of light on the vortical distribution of 
plankton should have been omitted are consequences of the sub- 
ordinate part played by the physiological outlook and are to be 
regretted. However, there is no doubt that a more convenient 
repartition of the subject matter has been obtained by following 
taxonomic and phylogenetic principles in establishing communities. 
Physiological considerations would have imposed conflicts in some 
of these cases, and it is possibly better on the whole that the subject 
should be studied from special angles until we are able to make a 
logical synthesis. Whenever that time comes, it is certain that 
Professor Ekman’s text-book will have rendered valuable service 
and will have laid a notable foundation. 

THE CHANGING FACE OF ORGANIC CHEMISTRY. By O. L. 

Brady, D.Sc., F.I.C., University College, Ixindon. Being a Review of 

The Organic Chemistry of Nitrogen, by N. V. Sidowiok, F.R.8. 

New edition, revised and rewritten by T. W. J. Taylor, M.A., and 

Wilson Bakbb, M.A., D.Sc. [Pp. xx -h 590.] (Oxford : at the 

Clarendon Press ; London : Humphrey Milford, 1937. 25^. net.) 

The first edition of Sidgwick’s Organic Chemistry of Nitrogen was 
published in 1910 and immediately became a standard reference 
and text-book. Unlike most such works its market value increased 
with the years since, after it had gone out of print, it was obtainable 
second-hand only at a high premium. That such a demand for the 
book remained twenty-five years after its publication is perhaps 
the best evidence of its excellence, for great advances had been made 
in its subject in the interim. The progress has been of two kinds, 
the flbrst a vast accumulation of experimental results, important 
but less significant than the second, a complete change in outlook 
on the interpretation of the facts, due largely to the development 
of the electron theory. In 1910 nitrogen was considered to exhibit 
either trivalency or quinquevalenoy ; in 1937 nitrogen is regarded 
as trioovalent or quadricovalent-unielectrovalent, and this change 
has profoundly modified our views of the structure and of the 
mechanism of reaction of nitrogen compounds. Perhaps this is 
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best indicated by the consideration of the basicity of amines. The 
quaternary ammonium hydroxides are strong, wMst ammonia and 
the amines are weak bases ; this used to be explained by the nation 
that the former, in solution, were more electrolytically dissotiiated 
than the hydroxides of the latter, that is, that in the equations 

R4NOH-riR4N++OH- (1) 

RNH,OH-r±RNH,+ +OH- .... (2) 

the equilibrium lay much more to the right-hand side in (1) than in (2). 
Now undissociated R4NOH cannot be represented electronically 
without violating the octet theory and a quaternary ammonium 
hydroxide and ammonium hydroxide must be completely ionised 

H 

H:N:H OH. 

H 

The equilibria (1) and (2) cannot, therefore, exist and some other 
explanation must be sought for the feebly basic character of ammonia 
and the amines. It is possible to represent the equilibrium as 
R,N -4- Hj|0 [R,NH]+ + OH~, but this leaves unexplained the 
solubility of the amines in water and the diflSculty in extracting 
them from aqueous solution by means of organic solvents. Here 
the theory of resonance can be invoked. As a trioovalent nitrogen 
atom has a lone pair of electrons, which can acquire a proton just 
as the oxygen in water, the amine can form a link in the water 
“ zwitterion ” 

R HRRHBRH 

1+ I \/ I V I 

R— NH O N O No- 

ll I I I 

R H R M R 

The water molecule at the end of the chain loses a proton which 
forms an ammonium ion with the amine, which loses a proton to 
the next water molecule to give an oxonium ion. This exchange of 
protons between amine and water continues to the beginning of 
the chain when an ammonium ion remains. The reverse change 
oan also take place and the resonance set up stabilises the chain. 
It must be stated that this view differs from the explanation given 
in the book, but seems preferable to the reviewer. 

Again in the field of the stereochemistry of nitrogen the view- 
point has changed largely through the brilliant researches of Mills 
and his co-workers. The old view, that the space grouping about 
nitrogen was that the nitrogen atom occupied the apex of a pyramid 
with four valencies directed towards a quadrilateral base and the 



SOIEKCE FBOOBESS 


358 

fifth vertical, has been abandoned in favour of a tetrahedral arrange- 
ment of the oo-valently attached groups about the nitrogen atom, 
the electrovalency having no direction in space. 

These changes in outlook and the large amount of new experi- 
mental work have necessitated the complete re-writing of the book. 
Owing to pressure of other work Professor Sidgwick has been unable 
to undertake this but has entrusted the task to Messrs. Taylor 
and Baker who have had the assistance of numerous collabora- 
tors and the advice of Professor Sidgwick himself. One can say at 
once that the arrangement has been very successful and that for 
excellence of presentation, wealth of information and readability 
the new edition fully maintains the high standard of the previous 
one. It follows generally the same lines, but for fairly obvious 
reasons the purines and simpler alkaloids have been omitted to 
make room for subjects of greater theoretical interest and even then 
the book has grown by 175 pages. 

Perhaps the best method of indicating the nature of the work 
is to give some account of the way a few topics are treated. The 
aliphatic and aromatic amines now occupy nearly double the space 
devoted to them in the first edition. All the more important 
methods of preparation are indicated, but the commercial manu- 
facture of aniline from chlorobenzene now employed in the United 
States is not described. The chemical and physical properties are 
given and stereochemical problems discussed. The failure to isolate 
optical isomerides of trivalont nitrogen is explained on the generally 
accepted view that the nitrogen is at the apex of a very squat 
pyramid, and for this reason the molecule can easily turn inside 
out with consequent racemisation. It is pointed out that the 
sulphonium salts [Sabo]+X~ and sulphoxides abS — ► O might be 
expected to behave similarly, yet they have been resolved and 
exhibit considerable optical stability. It seems to the reviewer that 
an explanation of the difference may be provided by the activity 
of the nitrogen lone pair of electrons. This lone pair may not 
unreasonably be presumed to be positioned on the side of the 
nitrogen atom remote from the three attached groups ; if, now, 
one of these can become associated with one of the lone pair of 
electrons the extra pull will facilitate the turning-inside-out process ; 
in the extreme the original lone pair may form the bond between 
the group and the nitrogen atom. In the sulphonium ion and the 
sulphoxides whilst the sulphur also has a lone pair of electrons 
these are very much less active, as evidenced by the failure to add 
a proton to form salts of the type [o6cHS]++X, — . Another point 
of interest in this section is the elucidation of the vexed question 
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of the structure of the triphenylmethane dyes by a simple application 
of resonance in the positive ion of the dye. The chapter devoted 
to hydroxylamine derivatives is notable for the first clear account 
of the chemistry and stereoisomerism of the oximes that has appeared 
in a text-book. 

The section dealing with aromatic nitro-compounds is somewhat 
disappointing ; no mention is made of Masson’s work on nitration 
nor of the preparation of nitro-compounds through nitroso deriva- 
tives from amines by oxidation with raonopersulphuric acid followed 
by nitric acid, and the method given for the replacement of the 
diazonium group by the nitro group is quite antiquated. The 
authors cannot claim well-educated chemical noses if they believe 
that the odour of nitrolienzeno is scarcely to bo distinguished from 
that of benzaldehyde. The chapters on the diazo compounds are 
full of interesting material and the current views on the structure 
of, for example, diazomethane and the aromatic diazonium com- 
pounds are described with commendable clarity. One could deal 
with chapter after chapter and find points of note in practically 
every one ; the book is a mine of information, scholarly, eminently 
readable and except in a few minor details it is difficult to see how 
it could be bettered within reasonable compass. Some errors have 
escaped the proof-reading, but they are few in number and easily 
detected. 
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Mathematical Snack Bar. By Norman Alliston. [Pp. viii -f 166.] 
(Cambridge ; W. HefTer & Sons, lAd., 1936. Is. Hd, not.) 

Thbjrk are many people, not iiocoBsarily mathematical sohoolmasters, who 
find pleasure in readiiig about or inventing new mathematical theorems. 
Until we read the preface we were rather puzzled by the title of the book. 
How did the “ bar ” corner in ? The author has for many years collected 
a certain amoiint of original material. The essence of this he would gladly 
publish, but it did not run to one end and produce a connected treatise. 
But he saw it would produce a fund of lessor results, inventions, terms, 
considerations in geometry, aritlmietio and allied subjects. This, although 
a handicap, need not be a bar ; at h^ast, not a bar to a snack bar. Hence 
the title to the book. 

The author throws much light on old-world problems and states oonoiaely 
and well new theorems and theorems of perennial freshness. He “ features ** 
an abbreviated method for developing the series of values that medee 
biquadratic expressions square. This will be a help to the followers and 
exploiters of diophantine problems. He also caters for those who follow 
Fermat, whom ho familiarly alludes to as “ Fennatics who try, for example, 
to find the factors of 10** 4- 1 and 10** -|- 1. The smallest of the factors 
of the smaller number is 19841. The finding of triangles with rational sides 
and areas is discussed, A shining light in this class is the triangle whose 
sides are 9, 10 and 17, its area equals the area of a square whose side is 6. 
Many of the problems given in geometry and trigonometry are original and 
would be excellent for training hoys reading for mathematical scholarships. 

His chapter on proofs ” is very good. He begins it by saying that the 
more obvious a fact is, the more diflicult it is to prove. “ About one-quarter 
of Euclid is an exhibition in the art of proving what we already seem, to 
know ; and that master in employing his craft was often put to extra- 
ordinary shifts. Witness more especially his ad ahsurdum proofs.** 

Tlie writer knows that there are many people of mature years who find 
pleasure and relaxation in improving or inventing mathematical theorems. 
To these and to all boys and girls with a bent towards mathematics, he can 
warmly recommend this book. 

A. Btjssxix. 

PHYSICS 

Elaments of Nuclear Phyeice. By F. Rasbtti. [Pp. xiv 4- 327, with 
73 figures, including 8 plates.] (London and Glasgow : Blaokie A 
Son. Ltd., 1937. Us. 6d. net.) 

This attractively printed volume comes with two immediate recommenda- 
tions. It lias for its subject a very recent and interesting branch of physios, 
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of which very few oonneoted accounts have as yet appeared j and its author 
is himself a worker in, and an authority on, the subject. Prof. Basetti has 
a terse and interesting style, and is able to convey to liis readers an intelligible 
outline of any subject in a minimum number of words. He is thus able 
adequately to cover such topics as the General Theory of Radioactivity, 
the Interactions of Radiations with Matter, the Bpectra of the Natural 
Radioelements, the Artificial Disintegration of Nuclei, and the Theory of 
Nuclear Structure, and still find room, at the end, for a chapter on Cosmic 
Rays. The book is well illustrated with line drawings in the text, and 
eight plates. A considerable number of Tables of collected experimental 
data adds considerably to the value of the work. 

Prof. Rasetti’s book is an admirable introduction to the experimental 
and observational part of the subject. A reader with only a general know- 
ledge of physics should have no difficulty in following the greater part of it. 
In attempting to give some idea of the theoretical background of the sub* 
ject, Prof. Rasetti for the most part avoids mathematical analysis, and 
contents himself, very wisely, with describing tho underlying postulates and 
ideas. His treatment of these is as lucid as it can lx> made without becom- 
ing unscientific. Occasionally, however, the author has allowed himself to 
be led on to give fuller mathematical treatments of some parts of the sub- 
ject. Those require, on the part of tho reader, at any rate some previous 
acquaintance with the mathematics of quantum mechanics, and arc, perhaps, 
a little out of keeping with tho standard of the rest of the text. However, 
the space which they occupy is comparatively small; they can easily bo 
“ skipped,” and should not dotor the loss mathematically minded reader 
from a volume which, as a whole, provides an excellent survey of an inter- 
esting and important subject. 

J. A. C, 

Statistical Machanica : The Theory of the Properties of Matter 
in Equilibrium. By R. H. Fowler, M.A. Second edition. [Pp. 
X -f 864, with 101 figures.] (Cambridge : at the University Press, 
1036. 509. net.) 

The appoaranoe of a second edition of this book is very welcome. It is a 
mine of information on all subjects to which statistical mechanics can be 
applied. In branches of theoretical physics where progress has been rapid 
in the last few years the treatment has been brought thoroughly up to date. 
There is, for instance, a long chapter on tho conduction of electricity in solids, 
with a full account of the properties of semi-conductors and of the author’s 
own work on thermionic emission. In the section on ferromagnetism there 
is a lucid account of the permeabilities of single crystals of iron and nickel 
and their dependence on direction. There is a new chapter on “ co-opera- 
tive phenomena,” such as order-disorder changes in metallic alloys and 
specific heat kinks in solids containing rotating molecules which can interact 
with one another. The chapter on interatomic forces has been revised and 
includes the most recent results. The same is true also of the chapter on 
stellar interiors, in which now the new fundamental particles discovered 
during the last few years may exist in equilibrium with more familiar forms 
of matter. In an appendix there is a very interesting description of Eyring’s 
recent work on liquids. 

As in the earlier edition the ” method of steepest descents ” is used to 
sum the series of the type which always occurs in statistical mechanics. 
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This elegant mathematical device, which was introduced into the subject 
by Darwin and Fowler, avoids, in the author’s words, the “ apparattis of 
factorials approximated to by Stirling’s formula which disfigure the usual 
proofs.” Tlie method is based on the theory of integration in the complex 
plane ; it would, however, be a thousand pities if pliysioisis whose mathe- 
matical equipment does not reach os far as this should bo deterred from 
consulting this book. Owing to its thorougiiness and comprehensiveness, it 
will be for many years an invaluable work of reference ; and in the chapters 
dealing with the application of the theory there should usually be no great 
difficulty in following the general gist of the argument, even with quite an 
elementary knowledge of the ideas of statistical mechanics. Especially 
valuable are the very detailed comparisons l>etwoen theory and experiment. 

The parts of the book dealing with the fundamentals of the theory have 
been very largely re-written ; the earlier edition was published very soon 
after the invention of the new quantum theory, and the profound influence 
which these developments would have on statistical mechanics were not at 
that time entirely clear. The new edition incorporates the proved axioms 
of wave mechanics into the framework of the theory at an early stage, and, 
in view of the relative stability that atomic theory seems now to have 
attained, should prove a standard work of reference for many years. 

N. F. Mott. 


The Theory o! Metals. By A. H. Wilson, M.A. [Pp. viii + 272, with 
31 figures.] (Cambridge : at the University Press, 1936. 18s. net.) 

The book is based on an essay which was awarded the Adams Prize in the 
University of Cambridge in the session 1931-32. Great advances have been 
made during the lost ten years in the electron theory of metals and the time 
is opportime for a critical survey of the whole field. In addition to doing 
this the author gives a very complete theoretical account of the electronic 
properties of solids and pays particular attention to the assumptions involved 
and to the difficulties that still remain. Quantitative disoussions of par- 
ticular models except those of free or nearly free electrons were not under- 
taken because, as the author points out, it would bo easy to induce a spurious 
idea of the success of the theory by a suitable manipulation of arbitrary 
constants. It will bo necessary to obtain much more numerical data before 
satisfaction can be attained with the quantitative side of the subject. 

The book contains six chapters. In the first oliapter the electron theories 
of Drude, Lorentz, Bohr and Sommorfeld are discussed and it is indicated 
in which directions some of these theories may be improved. By eliminating 
the more difficult phenomena which depend on tlie mean free path, and 
considering only the properties of an ideal metal, a theory is set up which 
supplies sufficient information to enable many of the equilibrium properties 
of metals to be understood. The second chapter deals with the general 
theory of the motion of electrons in a perfect lattice. These two chapters 
are thus devoted to the development of the underlying ideas of the theory. 
In the remainder of the book these are applied to various problems oon- 
oeming the equilibrium properties of metals such as the number of fro© 
electrons in metals, alloys and semi-conductors, the optical properties and 
the conduction of metals. A chapter is devoted to the mechanism which 
produces resistance in a metal and another chapter to the problem of 
superconductivity. 
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There are two appendices, one dealing with the Fermi-Dirac statistics 
and the other dealing with surface phenomena such as thermionic emission 
and rectification by crystal contacts. 

Tlie first two chapters of the book stand together, but the other diopters 
may be road independently and the non-s|)eoialist will find that some of 
these chapters give sufficient account of the applications of the theory. A 
detailed index is supplied. 

The book is a valuable contribution to the subject and will repay careful 
reading. The physicist who wishes to keep abreast of modem developments 
can ill afford to be without it as the theory propounded is applicable to so 
many phenomena with which physicists are fan^iar in the laboratory. It 
can be heartily recommended not only because it contains a critical survey 
of electron theories, but also because it takes these theories a stage further, 
and if read carefully will supply information as to the lines of research which 
it would be fruitful to follow. a 


Mechanics, Molecular Physics, Heat and Sound. By R. A. Milli* 
KAN, D. Roller and E. C. Watson. [Pp. xiv -h 498, with frontis- 
piece, 64 plates and 268 figiires.] (Boston : Ginn & Co., 1937. 
34.00.) 

This text -book is described as “ for the serious student who seeks a thorough 
training in science and engineering, who has already mastered trigonometry, 
and who has had the equivalent of a good secondary -school course in physios.” 
The authors Imve gone far beyond their original plan, which was simply 
to revise tho senior author’s Mechanics^ Molecular Physics and HecU, 

The book deals with much of the work required in a ” pass ” or ” general 
honours ” degree course, and the treatment is very thorough. About thirty 
laboratory experiments are described ; and there are optional laboratory 
problems, together with many questions and problems, some of which are 
solved in full or in outline. Of the fifteen cliapters, eight deal with mechanics 
and elasticity ; two are concerned with the kinetic theory of gases and the 
propeiiiies of vapours ; and two are devoted to periodic motion and sound. 
A very noticeable feature of the book is the inclusion of “ some of the 


historical and humanistic backgrounds of the subject.” There are lists of 
some of the important original papers in physics ; lists of biographies of 
noted physicists ; lists of books on the history, methodology and philosophy 
of physical science. And throughout the text reference is made to the 
original workers in the different parts of the subject. 

All this historical detail is included without affecting the thoroughness 
of the book as a text-book. On the other hand, there are 64 plates dealing 
with the history of physios, and although these plates, together with the 
corresponding descriptions, are admirable in themselves, they are inserted 
in such a way as to cause rather disconcerting interruptions in the text of 


the book. 


W. N. Bond. 


Disparae Syatama in Gaaea : Dust, Smoka and Fog. A ganaral 
Diaouaaionliald by the Faraday Society, April 1936. [Pp. 258, 
with 4 plates and numerous figures.] (London : Qumey Sc Jackson, 
for the Society, 1986. 12s. 6d. net.) 

Ths discussion held in April 1930 at Leeds, under the auspices of the Faraday 
Society, to deal with disperse systems in gases, provides yet another instance 
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of the valuable work which that body undertakes in bringing together in- 
vestigatora from many lands for a definite and limited purpose. Some ti mea 
the main theme has been academic, sometimes industrial. The report now 
before iis represents a very welcome blend of those two influenoee. 

Dust, smoke and fog provide problems enough for the University Labora* 
tory ; they envelop, both literally and metai)horically, a host of new issues, 
Part 1 (a) comprises a group of papers dealing with smoke, dust and oil 
fogs, while Part 1 (6) is concerned with mist, cloud and hydroscopic nuclei. 
Part 2 is devoted to industrial questions. 

Dr. J. S. Owens gives a most interesting account of the progress made 
in smoke abatement during the past twenty -five years. In some respects 
the advances made seem to be trivial, yot they represent a great deal of 
effort when one recollects the increase in population in many cases. London 
has remained almost stationary, with a slight tendency to improvement. A 
paper by Firkot gives details of the exceptionally devastating fog which 
covered a largo part of Belgium a few years ago and which led to consider- 
able loss of life. For tliis disaster an unusual concentration of sulphur 
seems to have been responsible. An elegant use of dimensional analysis 
permits Bosanquet and Pearson to arrive at valuable conclusions oonoem- 
ing the height of chimneys and the position of maximum deposit of matter 
at groiuid level. 

Altogether this meeting and the exhibition which accompanied it may 
be said to have given fresh impetus to the study of disperse systems and 
atmospheric pollution. p j ^ 

The Climatas of the Continents. By W. G. Kskdbibw, M.A. Third 
edition. [Pp. xii + 473, with 160 figures.] (Oxford : at the Claren* 
don Press ; London : Humphrey Milford, 1937. 21s. net.) 

The author of this book states that he aimed at providing ** an adequate 
description of the actual climates of the countries of the earth, oonsidared 
regionally.’* We can, without any reservations, say that he has achieved this 
aim in a remarkable degree, and has not only put into a clear form all the 
relevant facts, but has also clothed these facts with a considerable amount of 
human interest. The book begins with a brief discussion of the nature of 
climatic statistics, followed by an account of the relation of the winds to the 
distribution of pressure. The continents are then considered in turn, each 
being divided into convenient sub-divisions, a chapter being devoted to each 
sub-division. Each chapter gives the general features of the climate, illus- 
trated by very clear maps, while at the end of the part devoted to each 
continent are given tables of monthly and annual mean temperatures, and 
monthly and annual mean reunfall totals. These tables in themselves form a 
very useful collection of information, and the reader who desires to find out 
the general nature of the climate of any particular place cannot do better than 
consult this book. The present reviewer has used Kendrew’s OlimaiSB cf the 
Oontmmta for this purpose for many years, and has always foimd it adequate. 
He has also found it suitable for systematic study by students of Meteorology* 
It is of course necessary to bear in mind that mere statistics cannot tell all the 
facts, unless the statistics are so voluminous that no one volume can deal with 
the whole earth. There are regions of the earth where no rote ftOls during 
ten or even twenty consecutive years, and then a single thunderstorm may 
give one or two inches of rain in a single day. The meaning of a figure for the 
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mean annual rainfall of such a place ia by no means obvious. Where it is 
readily possible Kendrew gives in the text the guidance which the reader 
requires if he is to avoid being misled by the bare statistics. 

Not least of the advantages of the book under review is that it giyes for 
the whole earth data in a imiform system of units^ and the reader is spared the 
exasperation of having data in different units for different countries. It is a 
book which the student of Geography or Meteorology will find invaluable. 

D. B. 


Vibration and Sound. By P. M. Morse. International Series in 
Physics. [Pp. XV -f 351, with 3 plates and 88 figures.] (New York 
and London : McGraw-Hill Publishing Co., Ltd., 1936. 24s. net.) 
Recent years have witnessed great advances in all branches of Physios, and 
although for the Science of Acoustics they may be loss spectacular than for, 
say, Atomics Physics, nevertheless in comj>en8ation th('y x>oH8es8 a greater 
measure of reality. 

Experimental advances have already received attention from various 
authors and the present volume is designed to fill a gap by giving a modem 
presentation of the theoretical aspects of the subject. As an example of the 
application of modem methods to problems associated witli sound, it may be 
mentioned that in the lost chaf)ter of this book concerned with the acoustical 
properties of rooms the author applies the mathematical teclinique developed 
to meet the needs of the quantum theory, in particular in this cose, for the 
study of the radiation of light from an atom. 

As suggested by the title, the author has given a thorough consideration to 
the fundamental theory of the vibrations of solid bodies and of the propagation 
of sound waves, leading finally in the last two oliapters to radiation and 
scattering and to standing waves of sound. Quite a useful feature is the largo 
number of problems illustrative of the practical application of the subject 
matter, with which each chapter concludes. 

The volume should prove very useful to students of mathematical physios 
and to others prepared to face mathematical problems. To research workers 
and others engaged on acoustical problems, it will be a necessity as a work of 
reference. Readers will at once realise that the book is a valuable addition 
to acoustical literatiire, being in many respects complementary to existing 
text-books. 

The advent of a second addition will provide an opportunity of modifying 
the few pages devoted to the Vibrations of a Whirling String, to the necessity 
of which attention has been drawn.^ 

Nothing more need be said than that the production is well up to the 
standard which wo have been led to expoct for additions to the International 


Pbyaloal and Chaznical Ccmatimta. By G. W. 0. Kaye, M.A., 

D.So., F.Inst.P., and T. H, Laby, M.A., So.D., F.R.S. Eighth edition. 
[Pjp. viii + 162.] (London, New York, Toronto : Longmans, Green & 
Co., 1930. 14s. net.) 

Ik its eighth edition this indispensable book has mdergone considerable 
zevisiaii, although thme has been no increase in its size. Many of the con- 

^ A. 0. Stevenson, A Note on the Vibrations of a Rotating Rope,*' PM. 

JftiV., M, 293, 1937. 
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Btants for pure metals given in the booklet prepared at the National Physical 
Laboratory last year have been included and the sections on thermometry, 
magnetism and X-ray spectra have received special attention. There are data 
for heavy water, KellstrOms value for the viscosity of air is included, there is 
a considerable list of isotopes and the bel and phon are defined. On the other 
hand, there seems to be no mention of superconductivity or of the results of the 
experiments on steam carried out at the Bureau of Standards. The section 
on p. 47 devoted to thermodynamic corrections to gas sc^ales of temperature 
contains no reference later than 1909 and the sentence New experiments on 
the Joule-Thomson effect are needed still appears, althotigh in the preoediiig 
table recent values for the thermodynamic temperature of the ice-point 
(obtained by extrapolation to zero pressure) are quo tod. There will bo ample 
opportunity to amend this section in two or throe years' time if the authors 
consider it desirable. DOW 

The Physics ol Electron Tubes. By L. R. Kollbr, Ph.D. Second 
edition. International Series in Physics. [Pp. xvii 4* 234, with 84 
figures.] (New York and London: McGraw-Hill Publishing Co., Ltd., 
1937. 18«. not.) 

In this second edition Dr. Roller has retained the same scoj^e and treatment 
as in the first, published in 1 934 : a non -mathematical exposition of tho 
physical principles underlying tho ojKiration of various electron tubes. 
External circuits are not considered. Nearly tliirty pages of new material 
have been added, including sections on electron optics, cathode ray oscillo- 
graphs, secondary electron multipliers and positive ion emission. There 
has been some rearrangement, while the very useful bibliographies at the 
end of each chapter have beem brought up to date. 

In some cases the addition of now material without modification of tho 
old may cause confusion. For example, in Section 8 a paragraph on Schottky 
field currents (proportional to the squan^ of absolute temperature) is now 
followed by “an expression for field current or cold cathode emission, as 
it is sometimes called “ (independent of temperature), without drawing 
sufficient distinction between the two cases. In future editions revision of 
these sections would not only avoid such confusion but eliminate some 
existing repetitions. It is disconcerting to find tho thermionio constants 
for oxygenated tungsten still given as A 5 x 10^^ and ^ «= 9*2 instead 
of < 120 and 6*3 respectively, and <t» for platinum as 6*27 instead of 6*3. 

On the whole, the book remauis a reasonably clear and accurate account 
of the physios of electron tubes, but more elementary and less detailed than 
its inclusion in tho International Series in Physics would lead one to expect. 

F. A. V. 

Electron Tubes in Industry. By Keith Hbnnby. Second edition. 
[Pp, viii + 639, with 397 figures.] (New York and London ; MoGraw- 
Hill Publishing Co., Ltd., 1937. 30^. net.) 

As one turns over the pages of electrical and instrument journals it seems that 
every other paper is concerned with application of electron tubes, new or old. 
Since 1934 the seeker of a circuit for a particular purpose has turned with relief 
to tho ooUwtion in the book by the editor of Ekctronice, He will now use the 
second edition, wluch has been entirely reset and includes fresh material, 
adding some 40 pages to a volume already large. The least suooeasidl parts 
of the book are still those dealing with fundamentals of electron tubes and 
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aeaooiated oirciiitB, but the author’s main purpose is to set out the applications 
of electronic devices to industrial problems, excluding communication (radio, 
television, etc.)- Under the general headings of Vacuum-tube Ampliders, 
Gaseous Triodes, Light-Sensitive Tubes and Miscellaneous Tubes a iarge 
number of circuits have been gathered together. One feels that a rather 
stronger critical sense might have been employed with advantage in the choice 
and description of circuits, and that much of the elementary introduction in 
the first two chapters could have l>een omitted or shortened. 

The experimenter will not find hero a workshop manual or constructor’s 
guide, but numerous references to original papers and general articles are given. 
The tubes and circuits described are almost ontirejly American in origin, in fact, 
a newcomer to the subject would judge from this fwidenco that the use of 
electron tubes in other countries is quite negligible 1 This does not mean that 
the book will not interest a British reader, though he may have to redraw 
Bom(^ of the circuit diagrams before being able to read them easily. 

Very few will read every page of this volume, but it will certainly be taken 
down frequently from the selected reference books on the laboratory shelf. 

F. A. V. 

An Introduction to Neon Lighting. By J. Onii, M.I.E.S., and A. W. 
Forrest, B.Sc. Blackio’s “ Technique ” Series. [Pp. viii 4 79, with 
37 figures.] (London and Glasgow : Blockie & Son, Ltd., 1936. 
3/i. 6d. not.) 

The use of gaseous discharge tubes, particularly for advertising and display 
purposes, has now become establish^ os eui important branch of artificial 
lighting technique, and an authoritative book dealing with the technical 
aspects of the subject has been for some time overdue. 

The author gives an excellent occoimt of the manufacture of noon tubes, 
detaib of the associated equipment, erection and maintenance. This account 
is not restricted by any appsjrent desire to withhold information about special 
manufacturing processes guarded by the trade, in foot, a full and frank dis- 
cussion of the various problems involved is the essence of the author’s success. 

As indicated by the title the book is practically entirely confined to neon 
discharge -tubes. In view of the recent extensive development of other types 
of discharge tube, particularly for use in conjunction with neon, for example 
the combination of mercury vapour and neon to give white light, one feels that 
the scope of the book might with advantage be extended to cover commercial 
gas discharge-tubes generally. 

For those electrical engineers and contractors who wish to enter the field 
of neon lighting the book should prove a valuable introduction and is well 
worth careful study. As the author says, neon lighting is really a specialist’s 
job. There are many pitfalls, some of which con only bo avoided by experi- 
ence, but as the art of neon lighting develops, electrical contractors will 
certainly be called upon to have a good working knowledge of the equipment, 
and this book can be recommended as an excellent means to that end. 

H. M. Barlow. 

Commercial A.C. MMauramanta. By G. W. Btxtbbikqs, B.Sc., 
F.Inst.P., A.M.I.E.E. Second edition. [Pp. xvi + 348, with 169 
figures.] (London : Chapman A Hall, Ltd., 1937. 15s. net.) 

Tn» first edition of this book was published in 1980, and eleotrioal engineers 
oonoemed with powi^ frequency metering systems, particularly those engaged 
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in testing work, have frequently had reason to be grateful to the author 
for helping to elucidate their problems. In the second edition some valuable 
new matter has been incorporated, dealing mainly with the principles and 
applications of the method of symmetrical components for the resolution 
of unsymmetrical three-phase circuits. The sections devoted to current 
transformer testing, reactive and kVA meters have also been considerably 
extended and brought up to date. 

The book makes no attempt to cater for those intorestod in high frequency 
measurements. This is rightly regarded as a soi)arato field, but the develop- 
ment of the telecommunications industry has mode that field no less important 
to-day. The title of the book, which does not indicate its restricted scope, 
is therefore somewhat misleading. 

The author introduces his subject with a r6sum6 of alternating current 
theory. His treatment of vector representation with special reference to 
the sense of the vectors as indicated by the arrowhoekla is well worth careful 
study, because it is in connection with this convention, which is usually 
only very superficially discussed, that misunderstanding so frequently arises. 
The chapters that follow are devoted in tiun to the measurement of current, 
voltage and power, to instrument transformers, to the measurement of 
energy, power factor and frequency, to the determination of phase sequence, 
reactive volt-amperes, kilo-volt-amperes, and finally to test-room equipment. 
There is also an appendix which includ<is some notes on the trigonometry 
of A.C. theory. Each chapter deals adequately with wliat it sets out to do. 
The presentation is at once clear and concise without any undue emphasis 
or obvious omissions. The space allocated to instrument transformers is 
perhaps larger than some would consider to be justified, but most readers 
will welcome the thoroughness which characterises the author’s work* The 
revision and enlargement of the book for issue as a second edition has con- 
siderably enhanced its value. Every electrical engineer will find within its 
pages much to learn. With the numerous helpful suggestions for overcoming 
metering difficulties and getting the best results under exacting conditions 
of operation, the book may well bo regarded as indispensable by 
those engineers who are particularly concerned with power frequency 
measurements. 

H. M. Bablow. 


Electrical Measurementa : Precise Comparisons of Standards 
and Absolute Determinations of the Units. By Habvsy L. 
CuBTis, Ph.D. International Series in Physics, [Pp. xiv 4" 302, 
with 66 figures.] (New York and London ; McGraw-Hill Publishing 
Co., Ltd., 1937. 24s. net.) 

In view of the change in 1940 from international oloctrioal units to absolute 
unite, the various national laboratories are busy increasing the accuracy of 
absolute eleotocal measurements in order to reduce their dififerenoee to one 
or two parts in a hundred thousand. At such a moment the appearance of 
this volume of the International Series in Physios is particularly opportune^ 
and the whole series is enriched by the able and lucid account given by 
Dr. Harvey Curtis of the Bureau of Standards, Washington, who for years 
was associated with the late Dr. E. B. Rosa. 

This book centres around the absolute measurement of the ohm and 
ampere, but at least one precision method of comparing resistanoes, electro^ 
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motive forces, inductances and capacitances is given as well as an account 
of the construction of standards and of the calculation of necessary induct- 
ances. Mention might have been mode of modern mutual indue tomet^ 
and, in section 7 1 on the comparison of inductances, of the Heaviside-Oampbell 
equal ratio bridge. 

The author outlinc^s briefly the underlying principles of many of the 
methods of measuring resistance and current absolutely, and then wisely 
singles out precision methods for detailed description. Tlxus, in the case 
of resistance, he concentrates on the Smith -Lorenz method (suggesting a 
modification for future work) emd on the self-inductance method with an 
intermediary capacitance. This latter method, first put into use at the 
Reichsanstalt in 1920 by Gruneison and Giebo, has been oairied out as 
recently as 1936 at the Bureau of Stcuidards by Curtis, Moon and Sparks, 
and is of great importance. Likewise tliroe precision methods for the abso- 
lute measurement of current are described in detail, namely, those involving 
the features of the Rayleigh current balance, tlie Ayrton -Jones current 
balance and the electro -dynamometer balance. 

The value of the book is greatly enhaixcod by the remarkable simplicity 
and clearness of the diagrams dealing with olaborat.e apparatus. Fig. 50, 
showing the “ setup for the absolute moosuroinent of resistance, using alter- 
nating current in a self inductance combined with an intermediary capa- 
citance,'' is particularly attractive. 

H. R. Nbttleton. 

Tha Electrical Handicralteman and Experimenter’s Manual. 

By H. R. Lanoman and J. H. Moohk. |Pp. viii -f 192, with 187 
figures.] (London : Tlie Technical Press, Ltd., 1936. 7s. 6d. net.) 

This book is intended for the home experimenter. It contains a large number 
of diagrams and descriptions of “ gadgets " to delight the heart of the 
enthusiastic model maker. Perhaps the best chapter from this point of view 
is that dealing with small electromagnetic devices. Unfortunately, the 
authors have strayed into fields obviously less familiar to them euid have 
introduced several strange -looking valve circuits and models illustrating the 
“mechanism of the electric spark,” electrolysis, etc., which ore not very 
illuminating. Also it is somewhat surprising in a practical book of this kind 
to find a few diagrams grossly out of scale. For example, in Fig. 133 we have 
an ordinary solenoid as long as a metre bridge. 

Soma of the electrical theory introduced is decidedly unorthodox. 
Describing the production of cm eloctrodeless discharge in a gas-filled electric 
lamp, the authors state that “ with some bulbs it is possible to hear the 
electrons bombarding the glass, which at this stage is vibrating and emitting 
a ray of purple light . . .** (p. 146). For electromagnets “ to yield best 
results the core should be laminated, the idea being to present a larger surface 
area to the flow of magnetism ” (p. 57), though on a later page the use of 
insulation between laminations to reduce eddy-current loss is correctly 
described. 

We therefore cannot recommend this book as a whole to those just taking 
up the study or hobby of electricity, but with some knowledge to guide him an 
enthusiast will be able to pick out several ingenious devices scattered among 
the many descriptions, 

F, A. V. 

BB 
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Elements of Practlosl Aerodpiamics. By Bradlky Jokes, M.8. 
[Pp« vi 4- 398, with 123 figures.] (New York : John Wiley & Sons, 
Inc. ; London : Chapman & Hall, Ltd,, 1936, 1B«. 6d. net.) 

That simplest part of the applied science of Aerodynamics, idz. the principles 
of flight, is easy to follow. With little demand on mental equipment, treat- 
ment may even be elaborated to indicate the directions in wliioh scientific and 
teclmical study lie. Add introductory notes of a practical nature on aircraft 
types, construction and materials ; engines, cowlings and propellers ; instru- 
ments ; meteorology and avigation (as one says in America) ; and there will 
evidently result a readable subject for all who possess an engineering sense 
though not necessarily an interest in science. 

Prof. Bradley Jones’s book appears to bo written largely from this point of 
view and to serve a useful purpose in a certain field. It convoys a good idea 
of what aeronautics is about, putting in practical detail and interesting asides. 
Orientation is mostly in the right direction, although in those days one would 
expect greater prominence to be given in a practical book to flaps, skin friction 
and supercharging. The chapter on monoplane theory assumes too much to 
be satisfactory, but ai)plication8, particularly to tlie biplane, are worked out 
at length. Most interest will centre in the chapters on jxjrformanoe calcula- 
tions and on matters which are usually omitted from a course in Aerodynamics. 
Another title, more appropriate to the subject matter as a whole, might have 
been preferable. Whore merely qualitative explanations are avoided the 
numerical treatment is detailed. It is not intended for practising engineei’s 
and is no more suitable for University students. Most Eriglish readers will 
feel an inconvonionce in doing so largely without the calculus. 

N. A. V. P. 

Practical Physics for Inter. B.Sc. Students. By H. M. Browkxkg, 
M.Sc., Ph.D., F.Inst.P., and L. Staiibuck, B.Sc., A.Inst.P. [Pp. 
X -f 146, with 46 figures.] (London : Blackie & Son, Ltd., 1936. 
Ss, Od, net.) 

This little book contains descriptimis of over eighty experiments. The space 
devoted to each is rather short, and the authors’ claim that “ the practical 
details of the experiments are described ” is not always justified. For 
instance in the comparison of low resistances (lengths of stout wire) no mention 
is mode of potential leads, and in the same experiment the galvanometer which 
is used as a voltmeter may, apparently, be of any resistance and type. In 
fact, it might be ballistic — unless by “ quantity of electricity ” the authors 
mean “ current.” 

However, the book will fit easily mto the pockets of those candidates who 
wish to refresh their memories on the way to the practical examination. 
Each section is followed by a number of exorcises in which the straight-line 
graph frequently appears, and the candidate who has penetrated its various 
disguises will be prepared for the worst that may befall. 

R. a B. 

CHEMISTRY 

Intermodiate Chemiatry. By T. M. Lowey, C.B.E., M.A., D.So., F.R.S., 
and A, C. Cavbll, B.A., B.Sc. [Pp. xvi 4- 876. with 188 figures.] 
(London : Macmillan & Co., Ltd., 1936. 12s. 6d.) 

In the preface the authors state that their object is to provide a complete text* 
book of chemistry for the Intermodiate and Higher School Certifioate Examina* 
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tions. This book thei*efore inoludes under one cover sections on General and 
Theoretical, Inorganic and Organic, Analytical and Physical Chemistry. It is 
an atnbitious project, for to maintain a uniform standaM of excellence throujfh- 
out these diverse sections is no easy achievement. Nevertheless, in the opinion 
of the reviewer this has been eiocomplisheKl. Tliis success is in part due to the 
fact that in preparing this volume the well-known text-books written by the 
senior author, alone or in collaboration, have been drawn upon* The inorganic 
section, though founded on Lowry’s Inorganic Chemistry^ has been completely 
reconstructed, but the sections on physical chemistry closely resemble those 
portions of Lowry and Sugden’s Glass Book of Physi^ Chemistry which have 
been used. However, the four chapters on inorganic analysis and the whole 
of the section on principles of organic chemistry are new. The authors have 
emphasised throughout their book the theoi'otical implications of the facts 
they record. For example, in the organic section Lapworth’s interpretation 
of the oyanliydrin reaction is quoted and Rol>inson’8 explanation of the con- 
trast between the imsatui’ation of the olefines and of ketones. From this it 
will bo realised that there is a fuller discussion of underlying theories than is 
customary even in some advanced text-books of organic cliemistry. In the 
reviewer’s opinion this is all to the good, especially as some idea of the struc- 
ture of matter and the ohjctronic theory of valency arc given nowadays in the 
elementary courses. An important feature of the volume is the series of 190 
exporimouts which have been t<^sted in school classes and found to bo of great 
value as a training in practical chemistry* It shotild be mentioned, also, that 
t}rpioal questions have b(X3n collected and classLQod so that the student nmy 
test lus progress. The broad and accurate scholarship of the writors is 
rejected throughout the book and the book should commend itself to a wide 
circle. There must, however, linger in the minds of teachers of chemistry, 
who peruse the pages of this book, the very real question whether it is 
tisual or oven desirable for young students preparing for Intermediate aiid 
Higlier School Certificate Examinations to reach tliis standard of chemical 
knowledge. 

W. Wabdlaw. 


Xnorgwic Preparations. By A. Kino, M*Sc., A.H.C.S., D.I.C. 

xii 16i, with 22 figures.] (London ; Thomas Murby & Co. ; Now 
York ; D. van Nostrand Company, 1936. 6s. 6d. net.) 

In the preface the author states that “ this book is a plea for the wider use of 
inorganic preparations in the teaching of inorganic chemistry.” It is, unfor* 
tunately, still true that the course in practical inorganic chemistry is, in many 
places, restricted to qualitative and quantitative analysis. Thereby the 
student is denied the o|jport\mity of investigating for himself some of the 
fascinating chemical reactions which abound in inorganic chemistry. It is a 
most curious fact that whereas in organic chemistry preparations are con- 
sidered a vital part of the course, preparative work in iirorganio chemistry is 
frequently considered either to be quite unnecessary or of very secondary 
importance. Inorganic preparations, as the author points out, do require 
more elaborate apparatus than analytical chemistry. They also necessitate 
a greater expenditure on materials and demand constant supervision. Never- 
th^ess, it cannot be denied that the student finds them of the greatest interest 
and they do provide on excellent training in technique and illustrate a wide 
range of chemical principles. There is no doubt, therefore, that the author Is 
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rendering a real service to teachers of inorganic chemistry in bringing together 
within the compass of a book of very modest price a varied selection of valu- 
able inorganic preparations. In addition to 187 preparations, given in full, 
an approximately equal miml>er of preparations are outlined. The prepara- 
tions are classified under seven headings, illustrating ( 1 ) physical state, such as 
allotropy and the colloidal state, (2) isolation of the elements, (3) binary com- 
pounds such as hydrides, polyhalides, nitrides, etc., (4) acids, bases and 
salts, (6) complex salts, (6) compounds of some rarer elements, (7) reactions 
which fonn the basis of some industrial processes. The book can be most 
warmly recommended and should have a wide tise in both schools and 
universities. 

W. Wabdlaw. 

Lecture Experiments in Chemistry. By G. Fowlrs, M.Sc., A.I.C., 
F.C.S. [Pp. xvi -h 564, with 150 figures.] (London : G. Bell & Sons, 
Ltd., 1937. 16tf. net.) 

To lecture and at the same time to |)erform a number of experiments before a 
class of students is one of the most diflicult tasks in the tecbcliing of chemistry. 
If the experiment is a success, then some fundamental law may be transformed 
in the mind of the student from an abstract principle to a concrete fact, but if 
the experiment is a failure then doubts are raised and the prestige of the 
teacher suffers. Few teachers have the time to work out for themselves the 
details and technique of the many experiments which are necessary for even an 
elementary course of lectures, and in the post they have depended upon the 
works of Henmann, Benedict and the familiar Nowth for help, but more than 
thirty years liave passed since the lost edition of these books appeared. 
Dtiring this time chemistry has developed and methods of teaching have been 
revolutionised. The time was therefore fully ripe for a new presentation of 
this branch of experimental chemistry. Mr. Fowles has undertaken the task 
and done it magnificently. Moreover, he has not light-heartedly sat down to 
write a book. Tlie contents represent the experience of a lifetime of teaching 
and the writing has boon the labour of years. 

The 647 experiments range from those suitable for the youngest pupU to 
students taking the Intermediate Science Examination and the author has 
always borne in mind that experiments are intended to instruct and not to 
entertain, and that simple apparatus ingeniously used adds to rather than 
detracts from the value of a demonstration. The book is thus designed more 
for use in schools than in universities, but it contains so much sound advice, 
shrewd comment and common sense that it may be used with profit by all 
responsible for an undergraduate course in inorganic chemistry. 

The appendix is specially interesting. In 43 pages the author disciisses the 
cums and methods of toacliing chemistry and reviews the relative merits of the 
systems which have been tried out in the past. He quotes the opinions of 
such diverse people as Plutarch, Armstrong, Smitholls, Karl Pearson and 
Ida Fre^md cmd has included an appreciation of the teaching methods of 
those giants of the past, Davy, Huxley, Dewar, Ramsay, Perkin and 
Fenton. 

The book is handsomely produced, contains 150 very clear diagrams and 
abundant references to the literature. It is very free from slips (amyl acetate, 
p. 349, should read amyl alcohol) and ought to be possessed and used by all 
engaged in teaching chemistry. J N 8 
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Modern Elementary Chemietry. By F. Sherwood Taylor, Ph.D., 
M.A., B.Sc. P?p. xii 4- 461, with 8 plates and 118 figures.] (London : 
William Heinomann, Ltd., 1936. 5«.) 

Handbook to Modem Elementary Chemistry. By F. SherwOod 
Taylor, Ph.D., M.A., B.Sc. [Pp. vi 137, with 3 figun^s.] (Lon' 
don : William Heinemann, Ltd., 1936. 6«. net.) 

The plan of producing a teacher’s handbook to supplement the text -book is 
admirable and the reviewer hopes that the practice will grow. So many extra 
duties fall upon teachers to-day that few can find time or energy to keep 
up-to-date in their subject os they would wish. It is precisely for that reason 
that these two new books by Dr. Sherwood Taylor am so valuable. He has 
set himself to offer within one volume an adequate amount of information for 
the training of students up to School Certificate stage in Chemistry without, 
however, neglecting the wider interests that the study opens up and without, 
for the sake of simplicity or tradition, introducing ideas which will have to bo 
imlearned at the next stage. This latter point is, in the reviewer’s judgment, 
of the titmost importance and in this respect many otherwise excellent text- 
books fail. The work, throughout, shows a scliolarly and well-informed 
chemist seeking to present his information clearly and without burking diffi- 
culties and as such it will appeal to every able student and good teacher. 
There is an adequate supply of questions at the end of (na^^ry chapter, diagrams 
are generally clear and the plates well printed and interesting. 

The Handbook contains details of experiments which are not explained in 
the text and many other interesting experiments which are less well known but 
well worthy of performance. In addition it gives much useful information 
for illustrating specific points, such as the difference between a hydrion and 
a hydrogen atom. 

With a good form the text-book should prove a most valuable teaching 
instrument. It is doubtful, however, whether the very virtues of the book 
might not prove a difficulty with a “ B ” form who find the subject rather a 
strain . Perhaps this is on argument against teaching chemistry, os chemistry, 
to such a group when elementary General Science might be more readily 
absorbed. 

Dr. Sherwood Taylor hopes that his book will teach the student nothing 
that he will later have to unlearn. Unfortunately, however, the book is 
probably too difficult to put into the hands of eui average third form who ai*o 
commencing chemistry, and so by the time they roewjh Dr. Taylor’s book they 
will probably have learned a Humber of things which his book will teiujh them 
to imleam. But for that reason this book and the handbook ought to bo 
thoroughly examined by all teachers of the subject in schools. 

C. H. D. 

Quantitative Anal3niiB. By William Ribman, Ph.D., and Jacob D. 
Nbitss, Ph.D. [Pp. ix -f 426, with 46 figures.] (New York and 
London ; McGraw-Hill Publishing Co., Ltd., 1937. 18«. net.] 

Modern text^books of Quantitative Analysis are tending more and more to 
become treatises on applied physical chemistry, and this book is presented 
by the authors as being a further stop in this direction. The experiments 
are designed to cover two semesters. During the first semester simple 
volumetric and gravimetric exercises and potentiometrio measurements are 
performed, the order of the experiments in the book being strictly followed. 
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The second semester is devoted to more dilBimlt exercises and some liberty 
of choice is permitted. Each experiment is discussed clearly and with great 
theoretical detail. Special emphasis is laid on errors due tn co-precipitation 
in gravimetric analysis, and end-point errors due to the indicator used in 
volumetric analysis. The appendix contains useful tables of density, ionisa- 
tion constants, solubility products, normal electrode potentials and a com- 
prehensive bibliography of text-books on analysis and related subjects. 

It is not always easy to hold the balance between theory and practice 
in presenting a course of this kind. Wlien, as in this book, the theoretical 
aspect is specially emphasised, the difficulty arises that it demands a know- 
ledge of physical chemist.ry often beyond the attainments of the beginner 
working through the course, and the st\ident ought to be warned that even a 
profoimd knowledge of theoretical physical chemistry cannot replace long 
hours spent at the laboratory bench, if accuracy and confidence are to be 
gained. 

Like others in the International Chemical Series, the book is excellently 
produced and free from errors and contains all that is necessary for a complete 
imderstanding of the principles of quantitative analysis. 

J. N. S. 


Elomenta of Chemical Engineering. By Waltbii L. Badobr and 
Wahrbn L. McCabe. Second edition. Chemical Engineering Series. 
[Pp. xvii -f 660, with 311 figures.] (New York and London : Mc- 
Graw-Hill Publishing Co., Ltd., 1936. 30s. not.) 

This is the best book now available for on introductory course in chemical 
engineering. Under these circumstances it is justifiable to raise the standard 
of criticism in reviewing the second edition. 

An essential factor in teaching students is to indicate to them how difficul- 
ties have arisen in the past and how human ingenuity has overcome them. 
In this way they are prepared more efficiently for the time when they too, in 
their turn, have to solve the problems of their profession. The present 
edition savours too much of the addition of a few recent researches and not 
sufficiently of a thorough overhaul to make sure that the foundations are 
adequate. There is always the disadvantage in the inclusion of the results of 
researches not more than two or three years old in that they have not stood 
the test of time and are, in general, unsatisfactory material for the embryo 
chemical engineer. This comment applies, for example, to the unnecessarily 
elaborate treatment accorded in this edition to extraction processes. 

One distinct advantage of this edition is that dimensionally consistent 
units have been employed when considering fluid flow problems. It is a pity, 
however, that the authors did not revert completely to Stanton’s original 
nomenclature but have retained the friction factor as / instead of defining it 
more in detail. Tliere are still a number of loose statements. For example, 
the student is advised to subdivide caliche finely to hasten the extraction of 
nitrate. If he did so he would probably not extract any at all owing to the 
formation of a thick slime. The extraction of tan bark is said to take place 
rapidly and that from sugar beet slowly. Actually the times of extraction are 
from 24 to 8 hours for tannins and 45 minutes for sugar, and the sugar in the 
wood chips always comes out before the tannins. 


M, B. Dokald. 
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Applied Chemietry for Engineers. By A. F. H. Wamv, M.A., Ph.D., 
B.So., A.I.C. [Pp, xi "f 127, with 6 figures.] (London, New York, 
Toronto: Longmans, Green A Co,, 1936. is.) 

To declare that a chemical engineer is an engineer in the company of chomiets 
and a chemist in the presence of engineers is a facile jest ; but to interest an 
engineering student in the principles of chemistry or a chemistry student in the 
large-scale technique and economics of his preparations is often less facile. 
Perlxaps this is because his vision is dimmed by his being in the shadow of an 
examination syllabus ; perhaps only beoau8(=^ he locks a guide to objects of 
interest in the common field. This small book is such a guide, but one which 
starts by assuming that those who desire to apply their knowledge of chemistry 
have already acquired that knowledge to an adequate degree. It assumes 
that the student possesses that competence which can bo gained from a first- 
year chemistry course in a technical college or university ; and it assumes 
further that the student is in fact studying the subject in hand, not relying 
only on tlie author’s experimental illustrations or expecting that this volume 
will turn him, at a cost of three hours a week for a year, into a chemical 
technologist. Dr. Ward has, however, made a distinct contribution to educa- 
tional apparatus by collecting together a large number of suitable experiments, 
describing clearly how they may be performed, and imlicating the fundamental 
considerations involved. The engineering student who supplements his 
practical work in general elementary chemistry and his theoretical studies in 
applied chemistry by using this book at his bench should find that his interest 
is stimulated and his understanding broadened. He will learn a good deal 
about the analysis of water supplies, the treatment of boiler water, the con- 
ditions conducive to metallic corrosion and its prevention, and the examina- 
tion of coal and oils. And if he also gains an appreciation of the way in which 
modern industry depends on the combined and correlated work of both 
engineers and chemists he will be the better equipped for his career. 

A. A. E. 

Thorpa’a Dictionary of Applied Chemistry : Supplement, Vol. Ill : 

Glossary and Index. By Jooblyn Fibld Thorfr, C.B.E., D.Sc., 
F.R.S., F.I.C., and M. A. Whitbley, O.B.E., D.Sc., F.I.C. [Pp. 
viii + 166.] (London, Now York, Toronto : Longmans, Green &■ Co., 
1936. 2ls, net.) 

This volume completes the supplement to the third edition of Thorpe’s 
Dictionary. One hundred pages are devoted to a glossary of words and phrases 
employed in the supplementary volumes the meaning of which is not obvious, 
in addition a number of other terms in constant use among chemists are 
defined. It is not easy to see what principles have determined the choice but 
the range is wide, the definitions or explanations clear and terse and, at a time 
when every new reaction is labelled with the name of its discoverer and the 
coining of words to associate with phenomena is rife, there is no doubt that tlie 
glossary will be very useful. An index to a dictionary is, perhaps, unusual 
but, in this oas<^, it is a necessity, as the supplementary volumes were more a 
collection of articles and reviews on recent topics than a dictionary in the 
usual sense. 


0. L. B. 
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Metallic Corrosion, Passivity and Protection. By Uook R. Evaks, 
M.A., Sc.D. [I^. xxiv -f 720, with 93 %ures.] (London : Edward 
Arnold & Co., 1937. 45s. net.) 

The appearance of this book will be heartily welcomed by all interested in 
the great corrosion problem and phenomena related thereto, whether it be 
an absorbing interest or an occasional or spasmodic interest only during the 
solving of some corrosion problem or the devising of some method of pro- 
tection under a given set of conditions. A few hours given to this book in 
connection with any such problem will yield more value than days spent 
in an otherwise well -equipped library without it. 

The author did well in deciding to write a now book instead of revising 
his previous well-known book on Corrosion of Metals, the second edition of 
which appeared in 1926, for during the intervening eleven years an enormous 
amount of work has been carried out by research workers all over the world. 
The references given to published matter cover the work of some 1700 
authors, taken from about 300 periodicals actually listed, and in addition 
the author acknowledges permission to publish special infornaation com- 
municated by some eighty well-known investigators, so that the book will 
undoubtedly be in great demand as a reference work alone. Special attention 
is given to the work carried out by the author and his collaborators in Cam- 
bridge Binco 1923, and this greatly enhances the value of the book. It 
comprises fifteen chapters, the headings of wliich are such as would be 
expected in a book on these subjects, and the author has a novel method of 
sub-dividing these chapters into three sections devoted to : A, the scientific 
basis of each subject dealt with ; B, the discussion of practical problems ; 
and C, a quantitative discussion of certain oases which are sufficiently simple 
to be represented by equations and the grasping of the meaning of which 
requires a knowledge of mathematics, etc., which is not necessary for sections 
A and B. Tliis certainly simplifies the use of the book for reference purposes, 
and has much in its favour. 

There is one interesting exception to this division of chapters into three 
sections, for to Chapter 6, which deals with corrosion by stagnant liquids 
and includes matters connected with the investigation of differential aeration 
currents, corrosion and protection of buried pipes and corrosion velocity 
imder certain conditions, there is added a fourth section containing an 
account of the views of Drs. Bongough and Wormwell as supplied by these 
workers. The supply of this material and its inclusion in the book by the 
author shows the spirit which should always be in evidence in the case of 
scientific controversy. 

The formation and the nature of films on metallic surfaces receives con- 
siderable attention, and such questions as growth of cast iron and oxidation 
at high temperatures are dealt with. There are valuable chapters on the 
protection of metallic surfaces and also on the methods of testing. 

The book is well written, well printed and illustrated, and will provide a 
standaid book of reference for many years. COB 

Water PuriOcatioii Control. By E. S. Hopkins. Second edition. 
[Pp. X -f 184, with 48 figures.] (London ; Bailli^r©, Tindall k Cox, 
1936. net.) 

Thx fact that this excellent book, which is largely concerned with the chemical 
engineering aspects of waterworks operation in America, has gone into a second 
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edition in four years should be sufficient indication of its value. Some idea 
of the thorough revision of the book can be gained by saying that this edition 
contains two new chapters, one containing a short historical introduction and 
the other, by R. C. Bard well, dealing with the chemistry of softening ancl-types 
of softening plants. In addition, it should be mentioned that there are 
53 more pages, 13 more figures and 44 more references. 

Up till quite recently the chemical treatment of water supplies has been 
considered to be uneconomical owing to the difficulty in assessing the gain to 
the consumer not only in soap, etc., by softening but also in the reduction of 
corrosion by hydrogen -ion control. It is stated in the book that the reduction 
in hardness of only 70 parts per million would save sufficient soap to offset the 
expenses of treatment. A new nomograph is also included for the regulation 
of corrective treatnient for corrosion. 

M. B. Donald. 

Ions in Solution. By R. W. Gurnky, M.A., Ph.D. fPp. vi -I- 206, with 
46 figures.] (Cambridge ; at the University Press, 1936. 10«. 6d. 

net.) 

Dr. Gurney’s book is essentially a theoretical survey of on old subject from 
a different point of view. He directs attention to the energies of ions, making 
use of the modem conception of electronic energy levels as envisaged by the 
quantum theory. The mathematics is easy and the co-ordination of the 
various parts of the field on this basis is both interesting and valuable. The 
influence of the solvent is considered, although the author might have pointed 
out that the experimental results on solvation hardly justify such assurance, 
and the theory of Debye and Hlickel on ionic interaction is given a neat 
derivation. The discussion of the relation between electrode potential and 
metallic oontaot potentials has hitherto made little appeal to the practical 
worker, since there has been on awkward gap in which the effect of ion con- 
oentration in solution has been neglected. This is the essential core of the 
subject from the experimental point of view, and the world’s laboratory 
workers have turned a deaf ear towards theoretical discussions which, how- 
ever elegant and logical, have paid little attention to realities. Dr. Gurney 
has proceeded some way aoross this gap, and if the progress can be continued, 
as he hopes, his sketch will have been well worth while. Ex|)orimental 
electrochemistry is, however, very exacting. The name of the author 
guarantees clear and sound treatment, and the book is one which chemists 
will heartily welcome and will enjoy reading. 

J. R. P. 

Die Chromatographieohe Adeorptionemethode. Grundlagen, 
Metbodik, Anwendungen. Von Dr. L. Zechmeister und Dr. L. v. 
Cholnoky. [Pp. xi -f 231, with 45 figures.] (Wien: Julius Springer, 
1937. R.M. 14.40.) 

The method of chromatographic analysis originated by the Russian botanist 
Tswett in 1906 has in recent years been taken up anew and in the hands of a 
numerous band of workers has been found to yield such valuable results that 
its appUoationa are being continually extended, and a book such as the one 
under review is very timely. The first two chapters dealing with underlying 
principles and methods respectively constitute together the general part of the 
book t the special part composed of three chapters deals with applications of 
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the method to <1) natural pigments, (2) artificial pigments, and (2) colourless 
and slightly ooloured substances* This latter chapter gives an account of the 
lesser-known applications of the method to a variety of substances which 
include aliphatic and hydro-aromatic compounds, benzene derivatives, 
polycyclic hydrocarbons, alkaloids, enzymes, etc., vitamins, hormones and 
other substances* It may be seen from the above recital what an unsus* 
peotedly wide field of application this new method offers to the research 
worker. A new method of technique which is fruitful of results in one field 
naturally invites trial in others as well ; thus the method which depended 
originally for its application upon the different colour of the variously adsorbed 
substances has been applied to colourless substances ; various devices have been 
employed for rendering the colourless fractions visible ; one of the most 
ingenious of these is to examine the column in ultra-violet light. The book, 
which gives a list of some 306 to 400 references, will be found invaluable to all 
those who wish to obtain a comprehensive account of the various successful 
applications of this method and of the experimental teclinique by which these 
are achieved. For those who have not practical experience of the method 
a series of photographs of actual chromatograms are provided, and these 
give a very vivid impression of the appearance of the columns obtained. 

P. H. 

A Textbook of Organic Chemistry. By Dr. JuLXtJS SomaDT. Eng- 
lish edition by H. Gordon Ruijb, Ph.D,, D.Sc. Third edition, [Pp. 
xxiv -f 865.] (London : Gurney & Jackson, 1936, 26s. net.) 

Schmidt's Organic Chemistry has boon deservedly popular as a text-book for 
university students and there seems every prospect of a continued demand, as 
of its kind it is one of the l>est. Tlio new edition is some twenty -one pages 
longer than the last ; the main additions are in the fields of stereochemistry, 
the structure of polysaccharides, chlorophyll, haemoglobin, the vitamins, 
sterols, bile acids and sex hormones. One cannot but feel that Dr. Rule is 
giving way to temptation in introducing popular topios. This policy is beset 
by dangers. Firstly, views change rapidly ; for example, the structure given 
for vitapain has already been superseded. Secondly, an impression of 
modernity is conveyed which would be better deserved if the more everyday 
topics were brought up to date ; for example, if the manufacture of r-molio 
acid from benzene, of aniline from chlorobenzene, and n-butyl alcohol from 
acetaldehyde were mentioned ; again in the description of the manufacture of 
acetic acid, twenty lines are devoted to the vinegar process, twenty -five lines 
to wood distillation, and but four to the synthesis from calcium carbide. 
Tlurdly, the book grows until the publishers feel justified in increasing the 
price, already high for undergraduates. 

The value of the book is that it presents clearly the experimental facts of 
organic chemistry that every honours student should know. Beyond these 
there is a field so vast that no student can plough all of it, and they should 
look for guidance from their teachers what parts they should labour in ; the 
sex hormones and such-like belong to this region and information on them is 
better sought in specialised monographs. The process has not gone for as yet, 
and it will be a great pity if future editions are spoilt by becoming overloaded 
with specialised branches of organic chemistry. 


0. L. B. 
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Orgaiiio Chomistry, By L. J. DsaHA. IntemationAl Chemioal Series. 
[Pp. xvi 4* 760, with 63 figures.] (New York and London : McGraw- 
Hill Publishing Co., Ltd., 1936. 21a. net.) 

This is very definitely a book intended for getting students through exa^nina- 
tions. Even at the end of the first chapter (20 pages), the reader is offered 
22 questions. Still, there is a lot to be said for this method, of making 
beginners face up to their ignorance. As one reads the book, one is more 
and more impressed with the amount of material dealt with. The solid facts 
of organic chemistry are trcafod with great thoroughness, but in addition 
there are excellent accounts of subjects about which many text-book writers 
have not bothered to inform themselves. For example, there is a very 
satisfying description of tlie chemistry of petroleum. 

The necessary little bits of physical chemistry are presented in a straight- 
forward manner and not as magical exits from chemical difficulties. 

In spite of its directness, tlio book does not thrust benzene at the reader 
at the beginning of a “ Part II. Aromatic Chemistry,^’ but leads him gently 
to it by way of cyciohexane ; it appears first as ci/c/ohcxatriene. 

The idea one gained on i*eading the first chapter remains with one to the 
end. The more important substitution reactions of toluene are set out in the 
sometimes scoffed -at “ chart ” form : the author knows how organic chemistry 
is most easily and indelibly learned. Ho bos spared the reader from what a 
veteran has dubbed “ oughts and crosses,” and has produced a book for 
students who wish to learn facts and plenty of fundamental theory. 

It is a pity that the industrial chemistry of the United States is not our 
own in matters of a little more than detail, and that the nomenclature of the 
American chemists is appreciably difforent from ours. Nevertheless, the 
book can hardly fail to be a success in English-speaking countries. 

E, E. Tubnbr, 

An Introduction to the Preparation and IdentiBcation of Organic 
Compounds. By Robert D. Coghill and JxniAN M. Sturtevant. 
[Pp. xiii 4 226, with 24 figures,] (New York and London : McGraw- 
Hill Publishing Co., Ltd,, 1936. 10s. 6d. net.) 

The first half of this manual contains an excellent chapter on Important 
laboratory operations, with clear explanations of the imderlying physico- 
chemical principles, followed by a well-chosen list of forty -two straightforward 
preparations. The rest of the work is devoted to qualitative organic analysis 
— sinoe the authors maintain that ** in identifying a number of unknown 
substances and preparing derivatives from them, a student is brought into 
contact with many more reactions than would have been possible had he spent 
the same amount of time in making routine preparations.” A preliminary 
discussion of the chemistry involved in the reactions being studied is included 
in each section of the work. The technique of handling small quantities of 
materials is illiistrated and appropriate weights and volumes of substance and 
reagent are alwa 3 ra given. The scheme for tentative identification of an 
unknown is followed by a very useful chapter on the preparation of derivatives 
starting with fk>m one-tenth of a gram to two grams of material. Moat 
teachers would agree that the use of analytical ” tables ” by students tends 
to atrophy their deductive faculty and to foster a blind reliance on printed 
schemes. On these grounds one must criticise the arrangement in Chapter VI 
of a aet of tests with key to be used with a selected list of between three and 
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four hundred of the commoner organic compounds. This is, in miniature, the 
system of qualitative organic analysis worked out on a more comprehensive 
scale by Mulliken in 1906 for the expert analyst — it is not, in the opinion of 
the reviewer, suitable for begiimers. The text contains a few departures from 
standard English practice, e.gf. p. 9, line 6, “ Gnicles on experiments ” ; line 21, 
0-074 the amoimt ; line 27, “ labeled ” ; p. 36, line 8, “ to insure intimate 
mixing ” ; pp. 61~2, “ cookbook ; pp. 133 and 224, “ elementary tests.” 
Misprints occur on p. 6, line 1, “ benzene ” for benzine ; p. 66, Fig. 22, 
” diethyl ethyl ” for diethyl other. 

Apart from these minor blomishos, the book is beautifully printed, nicely 
bound in a handy size and, at its moderate price, fonns an attractive intro- 
ductory praktikum, ^ 

Practical Organic Chezniatry. By F. G. Mann, Sc.D., D.Sc., F.I.C., and 
B. C. Saunders, M.A., Ph.D., B.Sc. With a foreword by Sir William 
J. Pope, K.B.E., F.R.S. [Pp. xiv H- 403, with 66 figures.] (London, 
New York, Toronto : Longmans, Green Co., 1936. Ss, 6d. net.) 

It is a pleasure to review so carefully planned and skilfully executed a book os 
this. It is based largely on the authors* experience in teaching the subject to 
very large classes of students at Cambridge University, under conditions which 
make economy in materials and time essential. The experimental work has 
been carefully checked with this end in view, and the directions are clear and 
very detailed. An excellent feature is the provision of a brief theoretical 
commentary on the various reactions. 

The scope of the book is to cover Part I of the Natural Science Tripos at 
Cambridge, the General London B.Sc., and the Pass Degrees of other Univer- 
sities. It is therefore essentially a first practical book in organic chemistry 
and can be used by students reading for the M.B. and Higher Certificate 
Examinations. 

The book opens with a section on manipulation which gives exact instruc- 
tions for the principal laboratory operations, and covers fully the points on 
which so many students go astray. Then follows the main section of some 
160 pages on preparations, and shorter parts dealing with reactions and 
identifications, and with quantitative analysis generally. Finally, there is a 
short section on enzymes and a very useful appendix. 

A few comments on points of detail may be made : It would be convenient 
for reference if a list of the preparations were included at the beginning of 
Part II. The page heading on the right-hand pages of Part III should surely 
be ” Reactions and Identifications ” and not “ Organic Compounds.” The 
section on the separation and identification of organic compounds (p. 264 
et aeq.) suffers from over-compression, and is below the high standard of the 
rest of the book. 

The book can be cordially recommended to both teachers and students, 

R. P. L. 

The Aromatic Diazo Compounds and their Technical Applications, 
By K. H. Saunders, M.A., F.I.C. With a Foreword by PRonssOR 
A. G. Green, F.R.S. [Pp. xu -f 224.] (London : Edward Arnold A 
Co., 1936. 12s. 6d. net.) 

The immense importance of the Griess reaction in the organic chemical 
industry, in particular for the manufacture of azo dyes, has made it rather 
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surprising tlmt the late Dr. Cain's Chemistry arid Technology of the Diazo 
Compounds has never been brought up to date. Possibly, however, the very 
magnitude of the task has acted os a deterrent. / 

Mr. Saunders has now very wisely preferred to strike out on his otm and 
has produced a very satisfactory summary of the present state of this branch 
of chemical technology. 

As Professor Green staters in his “ Foreword,” no other reactions in organic 
chemistry exhibit such an extraordinary versatility and generality as the 
diazo reaction. No other series of chemical changes occur with such quantita- 
tive accuracy, ease and rapidity as those of which diazo compoimds are 
capable. 

Wlien it is rememl>erod that 80 per cent, or more of the dyes and lakes of 
commerce owe their formation in one way or another to the diazo reaction, 
the debt of science and of industry to the distjoveries of Peter Griess, the 
brewer’s chemist of Burton, become even more impressive. 

The treatment of the subject may b€!>st be gauged from the chapter heewl- 
ings : The formation of diazo compounds ; Stabilised diazo compoimds ; 
Elimination tuid interchange of groups in diazo comiH)unds ; Theory of the 
diazotisation reaction ; Reactions of the diazo compoimds ; Action of light 
on diazo compounds ; Theories of constitution of the diazo compounds ; 
Author Index ; Subject Index. 

The large number of references to the literature enhanoos the value of the 
book and increases our debt to the author ; a study of the book will suggest 
many useful lines for further research. 

There are a few slips and misprints hero and there but they are mostly 
obvious. One may regret that it has not been possible to include a longer 
account of the early history of the diazo reaction at the hands of Griess ; 
perhaps this might be included in a later edition. 

It is almost needless to add that the book is well and clearly printed, and 
it is sold at a price which should ensure it finding a place in all chemical 
libraries. 

F. A. M. 


Enayme Chemiatry. By Hbney Tauber, Ph.D. [Pp. xii H- 243, with 

28 figures.] (New York ; John Wiley & Sons, Inc. j London : 

Cliapman & Hall, Ltd., 1937. 15^. net.) 

A sciENTiric book must be judged largely from the point of view of those 
for whom it is written ; a students’ text-book must pass certain tcjsts whilst 
a specialist’s monograph has to be exliaustive and critical. Between the two 
types there is need for works which contain a readable account of a sj;)ecialised 
subject so that workers generally can profit from it without difficulty. The 
book before us is of this type ; it is of American origin, where the greatest 
interest is taken in biochemistry by the medical profession. 

The subject of enzyme chemistry is now very much to the front. The 
proof at long last that many enzymes are proteins, or at least consist of on 
unknown prosthetic group associated with a protein, and the isolation of 
some of them or their precursors in crystalline form, have attracted renewed 
interest to the group. The pages in the book on which the details of the 
preparation of these crystalline enzymes are described and the micro-photo- 
graphs of them record what is in fact a remarkable achievement associated 
for all time with the name of Northrop* 
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The eneymee ate broadly of two olaaaee, those wWoh affect hydrolysis^ 
which are csonvenieatly classified aooordiag to the substrate on which they 
aot» and those which accelerate oxidation and so enable inert stable substances 
to be changed into readily oxidisable compounds in vivo. These are associated 
with other substances termed “ oo-enxymes for special reactions* so that 
the complete change often involves a number of factors all acting in sequence 
but each of which is necessary. The elaborate mechanism enables the 
organism to exorcise a very delicate control over its reactions. These oxidising 
enzymes also apparently consist of protein and a prosthetic group which is 
inactive when alone, so they must be ranked as true enzymes. 

Though w© have some clue to the chemical structure of tlie vitamins, the 
manner of their action is still obscure. They are not enzymes but they may 
be one factor and an essential one in an enzymic change. The great com- 
plexity of alcoholic fermentation, the number of factors involved and stages 
traversed, the role of phosphoric acid both inorganic and organic in the 
reaction, are evidence of the great complexity in vivo of what the chemist 
writes as a simple reaction. 

The author has given a very readable account of the enzymes freed from 
elaborate detail, practical as opposed to theoretical in cliaracter, and stimu- 
lating enough to make tlie reader wish to go further, for which purpose there 
is provided an adequate list of references to the original literature at the end 
of each chapter. 

E. F. A. 

A Textbook of Applied Biochemistry. By F. Wokbs, B.Sc., Ph.C., 
F.I.e. [Pp. ix + 522, with 79 figures, including 3 plates,] (London t 
Bailli^re, Tindall <k Cox, 1937. 16s. not.) 

The primary object of this book is to supply to pharmacists and to phar- 
maceutical students that knowledge of Biochemistry which is nowadays 
essential for proficiency in their profession — and incidentally for success in 
their Diploma examinations. It might bo thought, therefore, that it would 
be a dull text-book of somewhat iimitfxi interest. But this is not so ; it is 
in no way dull, and ail kinds of interesting subjects arc disciissed within its 
pagcNB, for the pharmaceutical chemist occupies a key position in our modem 
society. He sells patent medioinos and cosmetics, ho develops photographs, 
he chloroforms imwanted kittens, he advises the public on minor aUmenta 
and accidents, and incidentally he may dispense prescriptions. Insulin and 
rouge, infant foods and laudimum — all may be purchased at the chemist’s. 
And so there seems to be no end to the variety of topics discussed in this book* 
We come across interesting discussions of the methods of drying milk» of the 
use of dried grass in agricultiu^, of the principles of the biological assay of 
drugs, of spectroscopy and colorimetry, of the methods of producing and 
measuring ultra-violet radiation, and of innumerable other subjects. Nor 
must it be imagined that all this information is presented in a haphazard, 
confused manner. On the contrary, the book is carefully and cleverly 
planned, each chapter dealing with some general aspect of Biochemistry. 
Thus the first deals with the biochemical importance of water, the second 
with hydrogen ion concentration, the third with surface phenomena and 
colloids, and this is followed by cl^pters on light and ultra-violet radiation. 
Subsequent chapters treat of carbohydrates, fats and proteins, enzymes and 
bacteria, and fii^y of hormones and vitamins. The treatment is ueoally 
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elementary and simple* but the nature of the book, its emphasis on the 
practical, and eepeoially on the pharmaceutical applications of the subject, 
results in the point of view being often novel and fresh. Some readers may 
be surprised at the amount of space devoted to subjects which at first sight 
seem rather remote from the sphere of the ordinary pharmacist. We do not 
usually think of him as an authority on spectrograms and spectrometers. 
However, the importance attached by the author to such subjects is easily 
tmderstood when it is realised how much the newer optical methods are now 
used in the analysis and standardisation of drugs. In any cose their inclusion 
makes the book all the more valuable to tho general biochemical re€Mler who 
will be grateful to have this conipaot and lucid treatment of a branch of 
bioohemioal technique which is ever becoming more and more important. 

This book is certainly to be recommended to many outside the particular 
class for whom it was primarily written. 

W. O. K. 

A Practical Course in Agricultural Chemistry. By F. Knowles, 
F.I.C., and J. Euphin Watkjn, B.So., Pli.D., A.I.C. With a Foreword 
by Sir John Russell, D.Sc., F.R.S. [Pp. x -f 188, with 21 figures.] 
(London : Macmillan A Co., Ltd., 1937. 10#. net.) 

The authors have set out to prepare? a book containing the optimum amount 
of practical chemistry required by students reading for Dogroos and Diplomas 
in Agriculture, Horticulture, Dairying aiid Poultry Husbandry. Recognising 
that a great deal, but not all, of the chemical laboratory work of these four 
subjects is common, the authors’ intention has been to include tho require- 
ments of each subject so that a student in any partic\ilar subject may omit 
those exercises that are not relevant to his studies. The authors have achieved 
their object admirably find tho book should find its way into all institutions 
in the country in which practical agricultural chemistry figures in the curri- 
culum. The ground is very well covered. Tlie first chapters deal with Soils 
and Fertilisers €Uid are followed by those on Biochemistry, Feeding Stuffs, 
Dairy Products, Water, Insecticides and Fungicides. The description of 
alternative methods adds to the value of the book. 

Each chapter begins with very good explanatory matter, and as Sir John 
Russell says in the Foreword a large part of tho value of the explanations 
lies in the way they relate each piece of work to the subject as a whole. 

A course in practical agricultural chemistry often tends to become nothing 
but analysis. It is therefore pleasing to see the inclusion of such exercises 
os tho oxidation of ammonia, the laboratory preparation of superphosphate 
and others that ore intimately associated with the lecture-room work. 

The methods of preparing reagents are given in an Appendix. 

N. M. C. 

Parfaaaet, Cosm«tio« and Soapti : With especial Reference to 
SynthetiM. Vol. H : A Treatise on the Production, Manu- 
facture and Appfioation of Perfumes of all Types. VoL III : 
A TreatiM on M[odem Coemetioe. By William A. Pouoksr, 
Ph.Q« Fifth edition, [VoL U ; pp. xvi + 420, with 83 figures, 
including 03 plates ; Vol. Ill : pp. xii -f 228, with 2 plates and 1 
figure.] (London : Chapman A Hall, Ltd., 1930. 25«. and 21«. net.) 
Tmm first volume of this treatise was reviewed in Soibkob Proobbss, Vol. 
XKXl, p. 568. 
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The two voluinos under review cover the same ground m wa« covered 
in the previous edition by a single volume, but the two books together contain 
some 150 pages more. This increase in size is due to the incorporation of a 
good deal of new matter and in some oases almost rewriting of certain sections ; 
this applies notably in Vol. II to the monograph on roses, which, as a result 
of the author’s visit to Bulgaria, has been doubled in size. 

In the third volume on Cosmetics two new chapters have been added on 
Rouges and Eye Cosmetics and on Sunburn Preparations, and in accordance 
with the demand of the times the chapter on Lipsticks has been rewritten. 

A feature of the now edition is that all the formulae given are munbered 
consecutively and rt'ach the goodly total of 2383. It will be seen that the 
three volumes together contain a very considerable amount of infonnation 
not easily procured from other sources, and all interested in the subject of 
Cosmetics, etc., will be indebted to the author for producing such a readable 
book, so attractively got up and plentifully supplied with excellent illustra' 
tions. jp jj 

GEOLOGY 

Eng^eering Geology. By H. Ribs, Ph.D., and Thomas L. Watson, 
Ph.D. Fifth edition. [Pp. viii -f 760, with 88 plates and 271 figtu*es.] 
(New York : John Wiley & Sons, Inc. ; London : Cliapman & Hall, 
Ltd., 1936. 26s. net.) 

This latest revision of a well-known work, last issued in 1931, is very welcome 
to both students and teachers of civil engineering. Chapter 1 deals with the 
elements of mineralogy, and it is noted that Figs. 1 to 7 have reference letters 
shown on them which are not described in the text ; it is a question whether 
engineers need these figures, and those of a similar nature given later in the 
chapter. The photomicrographs given are large and informative, and one 
would like to see more of them used to illustrate recent applications of the 
microscope to engineering problems. Chapter 2, dealing with rooks, is 
extremely lucid, but it is thought that p. 170 of Cliapter 3 might be amplified 
with advantage. It deals with the effect of structural features on quanying 
operations, and this topic is of great importance to civil engineers, many of 
whom have to work quarries. It is also considered that a few simple worked 
examples on the graphics of folding and faulting problems would be of more 
use to the reader than applications of mathematics to this branch of the 
science — always a doubtful proceeding. The chapters which follow cover 
weathering, surface and sub-surface waters very thoroughly, and the purely 
geological portion may be said to take about two*thirds of the book, up to 
p. 484. 

Chapter 12, in describing building stones, omits to mention the dangerous 
minerals chlorophseite and montmorillonite, although work on the latter 
mineral has been done in the United States by Q. F. Loughlin, of the U*S. 
Geologic Survey, while the recommendations of otir own Buildiog Research 
Station os to the prevention of stone decay, simple though they are, could 
have been included with advantage. It is very encouraging to read sn opinion 
from another coimtry that chemical analyses of road and building rooks are 
of little significance without detailed mineralogical and chemical knowledge 
for their correct interpretation. 

Chapters 16 and 16 deal with coal, petroleum and natural gas, and it is 
perhaps questionable whether these highly special subjects are necessary 
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in a volume of this kind. The same remark applies also to the later chapter 
on Ore Deposits. 

Cliapter 17, on Road Foundations and Materials, is of the high standard 
expected from a country which hew for long been a pioneer in research on this 
subject ; a minor criticism is that the slipperiness of “ trap rook ” under 
traffic when used os sett paving is not dealt with. 

The concluding chapter on Historical Geology is of just the right length, 
and in the best possible place for the reader, and one can conclude with an 
appreciation of the good stylo of production of the volume and an expression 
of regret that wo liavt» not available to us a similar book dealing more particu- 
larly with British conditions and practice. 

B. H. Knight. 

La G6ologie et lea Mines dea Vieillea Platelormes. By F. Blondel. 
[Pp. 303, with 59 figures.] (Paris : Soci^t<^ d'fiditions G^ographiquos, 
Maritimes et Colonialos, 1936. Frs. 36.-) 

This is another remarkable volume emanating from the energetic Bureau 
d' Etudes GSologiqucs et Mini^res Coloniales, the tm.rlier publications of which 
have been reviewed in Science Progress (Jan. 1935, p. 565 ; Jon. 1936, 
p. 566 ; July 1936, p. 177). The book is the outcome of a series of con- 
ferences which wore) held at the Paris Museum of Natural History dining 
1934 and 1935, tlie object of which was to facilitate the geological and mining 
exploration of French overseas possessions. The majority of these colonial 
regions are situated in Africa, a continent which largely consists of tin enorm- 
ous “ ancient platform ** or shield. Tlie author, F. Blondel, chief mining 
engineer of the Colonial service, begins by defining the “ ancient platforms ” 
as those zones of the earth^s crust which liave been stable since the beginning 
of Cambrian times. These regions commonly consist of a crystalline base- 
ment of folded and metamorphosed sediments and volcanic rocks, invaded 
by great masses of granite which have also been metamorphosed into gneiss. 
This crystalline basement is usually covered by a later Pre-Cambrian series 
of sediments and volcanic rocks which are non-metamorphio emd not affected 
by serious folding, and by even later series of the same nature. The author 
reviews the geological constitution of those regions of the globe which, like 
Africa, answer to this definition ; and tliis is a very useful, succinct con- 
tribution to comparative regional geology. The associated problems of 
metamorpliism, of conditions of scxlimentation in continental terrains, and 
of special tectonics of the ** ancient platforms are then successively treated. 

The second port of the book deals with the minerals of the “ ancient 
platforms.*’ Tlie conclusions that M. Blondel comes to are too many and 
too complicated to bo fully recounted here : but it seems from an in- 
formative diagram (p. 265) that the crystalline basement is very poor in 
minerals, except graphite ; that the ** semi-metamorphic series ” associated 
with it is rich in mica, diamond, nickel, cliromium, manganese cuid iron ; 
and that the non-metamorphic “ s6rie de oouverture ” is, above all, rich 
in gold, and notably rich in diamond, cobalt and petroleum. 

The book is well written in the usual lucid French style, and well illus- 
trated with diagrams, sections and maps. A good modem bibliography and 
very full geographical and subject indexes are provided. An unusually large 
amount of comparatively inaccessible data is here brought together and 
presented in an easily assimilable form. G W T 

00 
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CoBgrdt Interaational dea Mines, de la M^tallurgie et de la 
G^iologie Appliqu^e. VI1« Session, Paris, 20-26 Octobre 1985, 
[Tome 1 : pp, viii, 1-628 ; Tome II : pp. viii, 628-1088.] (Paris ; 
Section de G^ologie Appliqfu6e, 1936. Frs. 120.-) 

In these two massive quarto volumes the papers presented to the Section 
of Applied Geology at the above International Congress are presented, with 
very numerous illustrations, including maps, diagrams and plates which are 
not numbered consecutively. The first volume contains 24 papers on ore- 
deposits of magmatic origin ; 17 on ore -deposits of sedimentary origin ; 
and 19 on petroleum. The second volume contains 6 papers on applied 
geology in public works ; 6 on applied geology in agriculture ; 5 on hydrology ; 
10 on geophysics ; 16 on methods of teaching and research instituk^s ; and, 
finally, 6 collected papers on applied geology in the Portuguese colony of 
Mozambique. As the communications come from thirty-two different coun- 
tries, although France and the French Colonies are naturally most abundantly 
represented, there is in these two fine volumes a wealth of material on the 
economic geology of the whole world, much of it otherwise rather difficult 
of access. Although there is a full list of contents, the lack of a general 
subject index somewhat detracts from the usefulness of the work. While 
it is, of course, impossible to refer to individual papers, we notice, however, 
that French geologists include a very wide genetic range of ore deposits 
under the term “ Gisemonts d’origine magmatique,” for, in addition to 
metalliferous veins, impregnations, etc., which may have a more or lees 
remote connection with igneous rocks, there are included under this heading 
papers on alluvial gold, diamonds, zircon, and sedimentary ores of iron. 

G. W. T. 


BOTANY AND AGRICULTURE 

An Introduction to the Principles of Plant Physiology. By W. 

Stiles, M.A., Sc.D., F.L.S., F.R.S. [Pp. viii -f 616, with 6 plates 
and 66 figures,] (London : Methuen & Co., Ltd,, 1936. 27s. 6d. net.) 

A OEKERAL account of the principles of plant physiology in English of not 
too advanced a character has long been a desideratum, and Prof. Stiles in 
the present voltune has furnished an account that is not only well balanced 
but clearly written, in a manner that should meet the needs of most students. 

The subject-matter is divided into four sections, of which the first deals 
with the general physiology of the plant cell (pp. 7-168) ; the second treats 
of metabolism (pp. 169-304) ; the third of the physiology of development, 
germination and reproduction (pp. 306-420) ; and the fourth is concerned 
with irritability and movement (pp. 421—544). The bibliography of papers 
to which reference is mode in the text is naturally a selected one, but the 
fact that it occupies 40 pages indicates that it is of a fairly comprehensive 
oharaoter. 

An appreciation of physiological principles is an essential requisite* 
whatever may be one’s pcutioular direction of approach to the study of 
plants, and from the treatment in this book the student who is not a physi- 
ologist should be able to apprehend the fundamentals involved. 

E. J. 8. 
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British Trsss and Shrubs, including those Commonly Planted. 

By H. OiLBEBT-CABTKa, M.A., M.B., Ch.B. [Pp. xvi + 291.] (Ox- 
ford : at tho Clarendon Prose; London: Humphrey Milford, 1936. 
12s. 6d. not.) 

It will be difficult, I think, for anyone to condense into a given space, in 
this book about three hundred pages, more information than Mr. Gilbert - 
Carter has been able to do in this recently published work. The title it 
bears docs not mean that the author has contoed himself to the consideration 
of native 8i>ecie8 only. He tells us that the intention of writing the book 
first arose from the ignorance manifested by his stixdents of common plants 
in villa gardens. If wo exclude the unbridled species -making of the specialists 
in Rosa and Rubus, the number of genuine species of woody plants native 
of the British Isles is not really very largo. Except in quite rural parts, 
the trees and slirubs wo see in our walks abroad are i)redominantly of exotic 
origin and the value of this book is in the dGscrii)tive notes it furnishes of 
practically all of them, and, equally important, very considerable help in 
identifying them. 

If one were in a carping mood it might be wondered why scarcely known 
genera like Calyootomo and Cercocarpus are given the distinction of large 
capitals whilst Rhododendron luteum (the yellow azah^a), one of the most 
important flowering shrubs ever introduced, gets no doscrij)tion and only 
very brief mention. But the work os a whole is so full of exact information, 
contains so many interesting notes, is so admirably printed, and is so handy 
for one’s coat pocket, that criticisms of that kind may seem ungracious. 

An admirable innovation in works of this type and one which will bo 
very much apj)reciated is giving the origin and moaning of all the generic 
and specific names mentioned ; this infonnation is conveniently given in 
the form of footnotes to the page on which they occur. Very useful also, 
as an indication to proper pronunciation, is the accentuation of their vowels. 

In regard to nomenclature, the author adopts the International Rules 
but remarks that the law of priority often defeats their main object, which 
is the “ fixity of names.” He suggests a list of specific nomina conaeruanda 
which seems to be a modest and reasonable proposal, but successive botanic 
oonforenoes have turned it down. 

W. J. B. 

Growth Hormonofi in Plants. By P. Boysen Jensen. Translated 
and revised by George S. Avery, Jr., and Paul R. Burkholder. 
McGraw-Hill Publications in the Agricultural and Botanical Sciences. 
[Pp, xiv -h 268, with 64 figures.} (New York and London : McGraw- 
Hill Publishing Co., Ltd., 1986. 21s. not.) 

PlJtNT Hormones represent a field of invostigation which within the last 
decade has undergone a phenomenal expansion, and has aroused the interest 
alike of biologists and biochemists. Tlie author of this work was himself 
a pioneer in the field, and has made contributions of the greatest importance 
to the subject. It is therefore particularly gratifying that he should have 
undertaken the task of presenting a survey of the present position with regard 
to this wide and complex study. In tije original German edition of Die 
Wttchaekjff^imrie two hundred individual papers were dealt with, and the 
translators have added a further two hundred citations, bringing the literature 
to date up to the end of 1935. The progress of the investigation is d^alt 
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with historically^ so that the book presents a fascinating picture of the origin 
and development of a scientific discipline which cannot fail to have a very 
high educative value. 

The scope of the work is restricted to a very full discussion of the func- 
tions of auxine and heteroauxine in relation to growth and tropic reactions, 
but a supplementary bibliography is appended in which work dealing with 
other hormones is to bo found. The vast body of information dealt with 
is presented with the utmost clarity, and is profusely illustrated, Besides 
the historical survey, the detection and quantitative determination of growth 
substaxAces, their preparation, occurrence and transport in the plant, are 
dealt with. Their significance for normal growth and differentiation, photo- 
tropic, geotropic and traumatic curvatures, each form the subject-matter of 
a separate chapter. Each of the ton chapters ends with a summary of the 
contents in which the salient points are emphasised. 

For the student desiring to aicquaint himself with the facts, no better 
book could be recommended, while for the research worker attracted to this 
field the full bibliographies give occcjss to every aspect of the investigation. 
Precise information is given on practical details of technique which is in- 
valuable. 

Not the least important feature of the work ai'e the indications of un- 
certainties of knowledge and the lines which further progress must pursue, 
60 that this book is stimulating as well as infonnative. 

The work in translation has lost nothing of the original and has indeed 
gained by the collaboration. The translators in making Professor Boysen 
Jensen’s work accessible to the English-speaking world have rendered a great 
service to students and research workers alike. 

F. G. G. 


An Introduction to the Scientific Study of the Soil. By Nobmak M. 
CoMBBB, D,Sc.(Lond.), A.R.C.S., F.I.C. Third edition. [Pp. vii -f 
206, with 26 figures.] (London : Edward Arnold & Co., 1936. 7s. 6d. 
net.) 

Most books dealing with the soil as a whole tend to supply too much in- 
formation and so mako it difficult to “ boo the wood for the trees.” This 
little book, however, does not suffer from this disadvantage and provides 
instead an excellent summary of the subject for the general reader as well 
as for the students for whom it is written. The present edition does not 
differ materially from the preceding one and has the merit of retaining an 
account of the theories which have been held in tlie post regarding the 
composition and nature of humus, and the explanations offered for the 
flocculating action of lime upon soil colloids and the movement of soil water ; 
at the same time the author has not failed to describe the newer ideas which 
are developing in connection with these subjects and by boldly facing diffi- 
culties or anomalies he lielps to remove them. A new feature is the intro- 
duction of the conception of capillary potential pF. The book may be 
confidently recommended as a clear and able synopsis of a very extensive 
subject. 


P. H. 
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BIOLOGY 

Biology in the School. By H. Alan Peacock, M.Sc. fPp. xvi -f 364.] 
(London : William Heinemann, Ltd., 1937. 10^. not.) 

The author of thi« book is highly to be (iongratulatod. It is safe to say 
that it should bo in the hands of all wliose business it is to teach biology 
in schools. Those, and those are many, wlio are not yet in their stride as 
biology masters, or mistresses, will find it an invaluable help and guide. 
On the other hand, experienced teachers will consult it with much profit to 
themselves. Again and again the present reviewer has come across points 
wherewith he often had difficulties as a teacher, and almost invariably foiand 
them acknowledged, and wise advice given on liow to deal with them. 

The book is written in a lively style, and it shows its author to be not 
only an up-to*date biologist, but a man of humour, tolerances and breadth 
of view. 

After a welcoming foreword from Sir John Russell, come the preface 
and introduction ; neither of which should remain unread. Next is given 
a short history of science in general and of biology in particular in schools, 
and the pioneer part played by the older Public Schools is duly acknowledged. 

Mr. Peacock fully believes in the great importance of his siibjtxjt, and 
if there still linger in some unregenerato quarters doubts as to the desirability 
of teaching biology in schools, a perusal of Chapters I IT and IV should easily 
dispel them. Incidentally Chapter XI should be reiul by all headmasters. 
The author is strongly against any sex 'bias,” but holds that biology 
teaching is naturally the l>est method of attacking the difficulty, and his 
advice thereon is wise and timely. 

Biology as an examination subject is fully treated : the almost limitless 
avenues of approach it holds out are duly noted : and the book deals ex- 
haustively with possible and actual examination syllabuses. His own par- 
ticular child is the “ Physiological syllabus,” and many teachers will agree 
that this, or something like it, is probably calculated to give the best results. 
Especially valuable ore the author’s suggestions for ” short-service ” bio- 
logists, to wit, boys and girls who have liad some preliminary training in 
chemistry and jdiysics, and want some biology to finish up with. 

He next deals with Vlth Form work, boys who are preparing for such 
examinations os the H.S.C., First M.B. and so on ; and in Chapter VI 
there is given a course for non-specialists, who will leave school at 18 or 19, 
during their last year, and this sViould bo exactly what is required. 

Two chapters are devoted to the School Library, Museum, and Natural 
History Society, and the rest of the book, roughly half, is concerned with 
the technique of teaching. This port of the subject is dealt with exhaus- 
tively, and a mass of valuable information provided ready to hand. 

Small criticisms can of course be made. Wo are not told, for instance, 
how Amoeba may be induced to f(?ed at the proper moment when somebody 
is looking down a microscope : the value of Qammarua for experimental 
breeding seems to be omitted : some would like to know the best method 
of preparing microscopic slides to show mitosis in animal cells ; and how 
the particular difficulties in arranging water cultures may be overcome. 
But such otnissions are inevitable in any book of the kind, and in no 
wise detract from its value. On the other hand, such traps as the structure 
and working of the frog's heart are objects of special notice and warning. 

Tbe]«e is an ever-growing demand for the teaching of biology in schools, 
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and at pi:^nt the supply of teachers is inadequate. It is safe to say that 
many young men and women* already science teachers, are eagerly engaged 
in seeking knowledge, help, and guidance to grapple with a difficult subject. 
This book should be of real value to them in their quest, 

M, D. Hiix. 


MEDICINE 

Gnmdrias der vergleichenden Phyalologie. Vol. I : Physiologia 
der Sinneaorgane imd des Nervensyatema. By W. von Bup- 
DENBBOCK. Second edition. fPp. viii -f 567, with 356 figures.] 
(Berlin : Gebriidor Bomtraegor, 1937. RM. 42,- bound ; RM. 40.40 
paper covers.) 

SiNCB its appearance nine years ago von Buddonbrock’s Qrurulriss lias been 
the most generally useful text -book of comparative physiology. Written 
primarily as an introduction for students it is constantly referred to by 
advanced workers. A second edition of this work is now in course of publi- 
cation, But although the title remains the same it is in effect a new book. 
It is to appear in three volumes, and the first, which is here reviewed, is by 
itself almost as large as the single-volume first edition. Indeed, the whole 
character of the work has been fimdamentally altered. It is no longer an 
introduction, but aims rather at being a complete account of the present 
state of knowledge in comparative physiology. The first volume deals only 
with the sense organs and nervous system — ^a difficult beginning, which the 
author defends on the grounds that in physiology it is immaterial where 
you begin : life is all of one piece. A knowledge of general physiology and 
of the essentials of mammalian physiology is ossximed, and the reader finds 
himBelf from the outset in the midst of current controversies. In short, 
this book is not such easy reading os its predecessor. But it is thoroughly 
olive ; the material is critically set out and held together by the ideas and 
opinions of the author ; end it lias not degenerated (as such comprehensive 
works by German authors sometimes do) into a mere patchwork of undigested 
fact. By his own admission the author has given most space throughout 
to the invertebrates, and where almost no itdormation exists on a given 
system outside the vertebrates, as is the ease with the autonomic nervous 
system, it lias been omitted entirely — until a later edition. So far as can 
be judged by a single reader the text and the copious bibliographies appear 
astonishingly complete, particularly on invertebrate physiology. The book 
will therefore be in constant demand by the research worker and should 
prove even more valuable than the first edition. 

V. B. WlOaiiBSWOBTH. 

Handbook of Physiology and Biochemistry. By the late W. D. 
HAu;rBX7BTON, M.D., LL.D., F.R.C.P., P.R.S., and R. J. S. MoDowall, 
M,D., D.Sc., F.R.C.P.(Edin.). Thirty-fifth edition. pPp. xii -f 973, 
with 4 coloured plates and 373 figures.] (London : John Murray, 
1937. 18s. net.) 

Lass than two years have passed since the thirty -foiuth edition of MoDowall's 
Handbook of Physiology appeared. The thirty-fifth edition which has recently 
been publi^ed follows essentially the lines of its predecessor, thus retaining 
the excellent features initiated by McDowall in the previous edition. Minor 
but necessary changes have been made in many chapters, the text revised, 
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illtistrations removed or replaced by new ones in order to incorporate as far 
as possible recent advances. Tlie general result has been to add to the use^ 
fulness of a text -book which supplies in many ways the examination reqidre- 
ments of the medical student without being too cumbersome or ovorlwBMled 
with discussion based on evidence essentially indirect and therefore liable 
to confuse the elementary student in physiology, t.c., the medical student. 

While the text changes are es8<3ntially sound, the change in the title 
(addition of “ and Biochemistry ”) hardly appears justified. 

The successive app<3aranco of now editions of different physiological text- 
books published in Britain in 1 936-37 has now assumed the appearance of a 
“ publications ” race. The reviewer is firmly of opinion that the incor- 
poration of recent work in physiology in physiological text -books might with 
advantage bo delayed for at least five years after communication or publica- 
tion in scientific journals imtil adequate confirmation is forthcoming and a 
proper perspective in regard to new work is attained. If this were done 
authors of physiological textbooks might feel disposed to consider five years 
also 08 a suitable interval between successive editions. 

C. R. 

The Metabolism of Living Tissues. By Eiiio Holmks, M.A., M.D. 
[pp. X -f 236.] (Cambridge : at the University Press, 1937. 7^. fid. 

not.) 

Th® branch of biochemistry with which this short book deals is dynamic 
in more senses than one oikI the author is to be congratulated on his courage 
in attempting the treatment of such a rapidly developing subject in a small 
monograph. 

The conversational and at times somewhat journalistic stylo in which 
the book is written will bo an attraction to some readers and an irritation 
to others. More serious, however, is the fact that the effort to avoid heavi- 
ness of treatment, admirable in itself, has led in parts of tins book to a 
superficiality which is hardly conducive to the acquisition of soimd know- 
ledge ; this is the more surprising since the book is apparently designed 
for the use of students in the early stages of their aoquaintanoe with bio- 
chemistry. 

This criticism applies least to the chapters dealing with subjects in which 
the author has been personally interested, such as those on the inter- 
mediate metabolism of muscle and nerve ; these are admirable in the clarity 
with which they unravel a complex moss of observations. The impression 
left by other sections of the book is less favourable, however ; the treatment 
of hormones and vitamins for instance is so slight as to be of little value, 
and is not strengthened by the inclusion of numerous structural formulee 
without adequate chemical discussion, 

A difiioulty inherent in the writing of a book of this type, and one which 
the author has been unable to avoid, is the decision as to the amount of 
previous knowledge to be assumed ; it is odd to find for instance (p. 40) 
that a parenthetic statement of Avogadro's hypothesis is considered necessary 
whilst a few pages later the reader is expected to be able to appreciate the 
structure of Warburg’s yellow pigment. 

In spite of some faults, however, the book does achieve an originaUty 
and Imhness in the mode of presentation of the subject which ore to be 
welcomed; provided that it is read after a preliminary study of descriptive 
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biochemistry it should prove of considerable value to students who find it 
difEoult at present to obtain a clear aoooimt of the subjects with which its 
best chapters deal. 

C. R. Habinoton. 

Blood Cultures and Their Significance. By Hildbkd M. Bxttleb, 
B.Sc. Monographs of the Baker Institute of Medical Research, No. 3. 
[Pp. xiv -f 327, with 3 plates.] (London : J. & A. Churchill, Ltd., 
1937, 15s. net.) 

The author, who is bacteriologist at the Baker Institute of Medical Research, 
Melbourne, introduces her subject with a warning and insistence that the 
results, positive or negative, of blood cultures cannot be interpreted or 
accepted luiless the methods employed are given. In the post these methods 
have lacked for the most part imy standard plan, and the results obtained 
in different laboratories are so diverse that to attempt their ass^^ssment is 
useless. In Chapter 2, the most valuable section of the book, is set out a 
detailed account of the simple technique emi)loyed and recommended as 
suitable in practically all cases that are encountered in general laboratory 
work, and which, if adopted, will do much to establish the true value of blood 
cultures, not only in the diagnosis of diseases, but also in prognosis, where 
until now the value of blooil cultures has been grtmtly under>estimatDd ; 
further, the importance of blood cultures as a guide to treatment has increased 
with the more widespread use of sj^ecific antisera. 

The chief defect of tliis interesting book arises from the author’s zeal for 
references, which are brought into the story of the text, often, we think, 
unnecessarily, and tend thereby to interrupt continuous reading. It is pos- 
sible that by a more liberal use of footnotes and tables, and in some places 
curves, this might be in part overcome. As it is, the book is neither a text- 
book nor a convenient laboratory book of reference. 

P. J. 

Tha Natural History of Mind. By A. D. Ritchie, M.A. [Pp. viii + 
286,] (London, New York, Toronto ; Longmans, Green & Co., 1936. 
I6tf. net.) 

The human mind is probably Nature’s latest and most daring accomplish- 
ment in organisation, and as such, even if there were not other reasons, it 
is an object of particular interest to study. Unfortunately we have only 
human minds to study it with, and the psychologist must at times fbel 
something akin to the humiliation of the monkey attempting closer acquaint- 
ance with his reflection in the looking-glass. Prof. Ritchie, a philosopher 
who is also a front-rank physiologist, and one well acquainted with modem 
schools of psychology, stands away from the looking-glass and discusses the 
Natural History of Mind with a detachment seldom found in writers with 
possibly deeper but certainly narrower foimdations for their opinions. 

Stressing, naturally enough in a physiologist, the importance of regarding 
mind-and-body as one entity, Ritchie takes first the more material aspects 
of his subject, and describes the methods of hormonal and nervous control 
of the body, leading to a description of the nervous system as a whole, and 
to a discussion of the methods and results of the Sherrington school, with 
a description of Sherrington’s conclusions as to the integrative action of the 
nervous system. There follows an account of the entirely different physio- 
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logical approach used by Pavlov, and a diBCiiBsion of the applicability of the 
Conditioned Response to the problem of the nature of Mind. Ritchie’s 
criticism is the simple but cogent one that the success of an experiment 
of Pavlov’s tyi>e demands that all external and irrelevant stimuli muftt be 
absent : the animal’s “ mind ” must bo a blank. As a method of studying 
“ mind ” it is self -destructive. 

The approaches used by the bohaviouxist, the psycho-physicist, the 
classical psychologist, the psycho-analyst, are examined with close scrutiny 
and none comes too well out of the examination, in so far as ho claims to 
describe attributes of Mind. The psycho -physicist is learning much — but 
chiefly about sense organs and sjmapses. The psycho-analysts produce 
chiefly myths, but perhaps that is the right language for de^icribing an 
illogical entity like the human mind. “ It must bo accounted to the psycho- 
analysts for righteousness,” says Ritchie, “ that they have not Ix^n afraid 
to make fools of themselves. The academic psychologists have been so 
anxious to be respectable and to be treated as real scjieutists that they have 
never dared lot themselves go. The result has been that they have produced 
dull myths instead of exciting ones, but they have been myths all the same.” 

The book, which is well and accurately printed, is cast in th(^ form of 
an introduction and eight chapters (modified considerably from some legtures 
given at Cambridge in 1935). A brief index is appeiided, but it is a Waste 
of time. Many of the entries in it are piffling and some are positively comic 
in their fatuity. 

The physiologist may loam no new physiology from this book, and the 
psychologist no now facta (if facts he wonts), but anyone, physiologist, 
psychologist, philosopher, or mon-in-the-street, who is interested in the 
nature and properties of Mind, will welcome Ritchie’s balanced review of 
the several ways of approach to their subject which have been opened up. 

P. Egolkton. 

Modarxi Discoveries in Medical Psychology. By Cliffokd Allen, 
M.D., M.R.C.P., D.P.M. [Pp. X + 280.] (London : Macmillan & 
Co., Ltd., 1937. Ss. 6d. not.) 

In the first page of this book the author reminds us of the old gibe at 
academic psychology as “ the description of the perfectly obvious in terms 
of the imintelligibie ” and after reading this tnily interesting, even enter- 
taining, account of the progress of morbid (abnormal) psychology through 
the fairy lands of childhood, the totems of primitive iHXjple, the mysticisms 
of prophets, the entanglements of the conscious and the imconscious, the 
craving (libido) of sex and other aggressions, the confusion of love and hate, 
of projection and introjeotion and above all the curious personal interpreta- 
tions of subjective symptoms by the protagonists of different schools of 
investigation, we feel that the gibe still holds good ; and of necessity, for 
as yet psychology cannot aspire to scientific status. It is in the phase of 
collecting data, a stu}>endoua array of variables, and there is no machinery 
by which they can be assessed or correlated, no yard-stick to measure them. 
Science cannot rely upon guessing and subjective feeling. 

Apart from these considerations Dr. Allen has given us an excellent 
account of the different schools of psychological procedure. Of these the 
most outstanding is the Freudian school, dominated by the sex idea, respon- 
sible for the ” CEdipxis Complex,” and the method of treatment known as 
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^‘psycho-analysis,** which has perhaps given help to patients and con- 
tributed to the knowledge of psychic prooesses, but which is especially 
notorious for the persistent and virulent opposition it has received from 
the medical world. Following upon Freud came the school of Adler, a less 
unpleasant and saner school in which sex has no prominence and is replaced 
by “ aggression ** — ^the craving for a goal. It is certain that many neurotics 
can be cured by Adl6r*s method of analysis which is simpler, quicker and 
probably less dangerous than Freud’s method, which may be prolonged 
over years. Adler’s methods are \ised by all who treat children for neurotic 
troubles, and it seems likely that the Child Quidanoe Clinic will become a 
permanent memorial to Adler’s fame. After Adler came Jung, a deserter 
from Freud’s school. The iwcount of his principles, given in Chapter VII, 
leaves us far out at sea. The author refers to them as obscure. We find 
them unintelligible. 

The final and most interesting chapter in the book is the only one that 
makes any scientific appeal. It deals with the great researches of Pavlov 
and the machinery of the mind. The discovery of conditioned redexas, 
an extension of the view first put forward by Herbert Spencer, that instincts 
are nothing but complicated refiexes. 

The salivation of a hungry dog when shown food was regarded by Pavlov 
as a purely mechanical matter — ^like pulling its foot away from a hot iron, 
€md he proceeded “ to investigate the characters of this reflex as though 
it was a simple spinal cord reflex and not a complex psychical one.” (The 
italics are ours.) It seems to iis a pity to introduce psychology here. Surely, 
having secured the problem in a physical and measurable environment, 
solution is in sight and has no use for subjective surmises or anthropomorphic 
attitudes. 

This book has given us great pleasure and instruction, and should be 
valuable to medical men who have the time and interest for psychological 
questions. 

The addition of an index would bo much help to the reader. 

P. J. 


An Introduction to Comparative Biochemistry. By Eenbst Bald- 
win, B.A., Ph.D. With a foreword by Peofbssob Sir FRBDRiUOK 
Gowland Hopkins, F.R.S. [Pp. xviii -f 112, with 11 fiigures.] 
(Cambridge : at the University Press, 1937. 6s. net.) 

Biochemistry, though a comparatively young science, is growing very 
rapidly and extending its investigations into so many different fields that 
it is calling for more and more specialisation on the part of its workers. 
This being so, it is becoming increasingly difficult to keep abreast of the 
whole subject, and a book such as the one imder review should therefore 
find a ready welcome among students of biochemistry. The author states 
in the introduction that ” the task of the biochemist is, aftor all, the study 
of the physicochemical prooesses associated with the manifestations oi what 
we call life. . , . From this point of view a starfish or an Earthworm, 
neither of which has any clinical or economic importance per se, is as im- 
portant as any other living organism. . . .** This quotation may be taken 
to represent most admirably the outlook of the b^k, and the citation of 
the titles of a few of the subjects dealt with will show how the author has 
elaborated this :--The Colonisation of Fresh Water j The Ionic Con^ioeition 
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of the Blood ; The Regulation of Oamotie Pressure ; The Colonisation of 
Dry Land ; The Conservation of Water ; The Excretion of Nitrogen ; The 
Distribution of Nitrogenous Bases ; Respiration ; Respiratory Catalyists ; 
Animal Luminescence ; etc. 

One of the aims of the book, according to the Preface, is to provide a 
starting-point for those who may imd themselves attracted to the subject. 
The story told by the author is unfolded in so interesting a manner that he 
may rest assured that his writing will attract many to the subject who 
might otherwise remain in ignorance. Two quotations from Tho. Spratt’s 
The History of the Royal Society^ 1922, are singularly well chosen and provide 
a most appropriate and quaintly huinorouH sotting to an altogether ex- 
cellent little book. 

P. H. 

The Eesentials of Chemical Physiology. By the late W. D. Haixi- 
BURTON, M.D., LL.D., F.R.8., J. A. Hewitt, Ph.D„ D.Sc., and 
W. Robson, Ph.D., D.Sc. Thirteenth edition. [Pp. xii I 350, with 
50 %ure8, including I coloured plate.] (London, New York, Toronto : 
Longmans, Green & Co., 1936. 9a.) 

Halliburton produced his text-book of Chemical Physiology forty-four 
years ago, and new editions have been called for at approximately throe- 
yewly intervals ever since. In preparing tho twelfth edition Halliburton 
had the assistance of Hewitt and Robson, who, now that Halliburton has 
left us, have taken on in full the tatsk of preparing tho thirteenth edition. 
A considerable re-arrangement has been made ; certain matters of pure 
organic chemistry have been deleted, and a few experiments of a character 
more advanced than is usually necessary for the medical student have also 
gone : moreover, the distinction between an “ elementary ” and on “ ad- 
vanced ’* section has been dropped. But the almost unique character of 
the book — the successful combination of “ theory ” and “ practical work — 
is unaffected. Although pure organic chemistry is removed, the Editors 
have wisely retained, and even expanded, the chapter on physical chemistry 
in its applications to Physiology ; tho treatment of this topic is delayed, 
however, until the properties of fats, carbohydrates and proteins have been 
dealt with, and the nature emd analysis of food (Chapters 1-4). Urine is 
now dealt with in one chapter only, but without any condensation from 
the five chapters in the last edition. 

The treatment of muscle chemistry in the twelfth edition loft something 
to be desired, but in the present volume this shortcoming has been attended 
to. The suggestion that the de-amination of adenylic acid is a reversible 
reaction does not, however, represent a widely accepted view. Another 
departure from current practice is the distinction drawn between the partial 
pressure of a gas in the atmosphere above a solution, and the “ tension ” 
of that gas dissolved in the solution. The two are said to be equal at equi- 
librium. ** Tension ’’ defined in this way seems indistinguishable horn the 
osmotic pressure which the solution may legitimately be supposed to possess 
in virtue of the presence of the dissolved gas. It is therefore arguable that 
the term tension k superfluous. 

Each section of the book has evidently been thoroughly scrutinised since 
the last edition, and a number of disoov^ies and methods brought out since 
1^9^ have been incorporated. The index has been further enlarged, and 
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contains six references per page of text : a useful proportion in a book of 
this kind. 

The authors are to be congratulated on the skill with which they have 
preserved the virtues of Halliburton's work while removing those few short- 
comings wliich were mainly the inescapable result of the march of time. 

P. Eoolkton. 

Accidents and Their Prevention. By H. M. Vernon, M.A., M.D. 

tPp.x •f 336, with 61 figures.] Cambridge : at the University Press, 
1936. m. net.) 

This book is not a medical text-book, but a summary of existing knowledge 
which will prove useful to a wide circle of medical and non-medical readers. 
The sources from which Dr. Vernon has drawn his material ore many. To 
his own knowledge and experience he adds information derived from the 
investigations carried out by the Home Office, the Industrial Health Research 
Board, the Ministry of Transport, the National Institute of Industrial 
Psychology, the National Safety First Association, etc. The first four 
chapters serve to state the “ Accident Problem.’* The infiuenoe of personal 
susceptibility and of “ environmental conditions ” are examined. Chapters 
V~VII deal with “ Road Accidents and their Prtwention ” ; the relative 
importance of such factors os speed, driving tests and alcohol, etc., are 
discussed. The author then deals with Railway Accidents and Accidents 
in the Home. Tliree chapters follow dealing, in some detail, with the causes 
and prevention of Industrial Accidents, and one chapter is devoted to Coal 
Mining Accidents. The study is completed by a summary of conclusions 
and by an adequate index. The author’s main conclusion is that a reduction 
in the numbers of accidents is more likely to result from psychological methods 
of investigation and of prevention than either from an extension of legal 
control or from the further development of mechanical safeguarding. Such 
a concltision will be generally endorsed. 

The author may be congratulated upon this book, which should be a 
useful one to all who are concerned with the problems of Accidents in 
Modem Life. 

H. E. C. 


HISTORY OP SCIENCE 

Matthew Boulton. By H. W, Dickinson. [Pp. xiv -f 218, with 15 plates 
and 6 figures.] (Cambridge : at the University Press, 1987. 10s. 6d. 

net.) 

The study of Britain's industrial awakening in the eighteenth and nineteenth 
centuries has been considerably enriched by the several books written on the 
lives of the early engineers, James Watt, Richard Trevithick and now, 
Matthew Boulton, by Mr. Dickinson. 

Though not the romantic figure of Trevithick, Boulton was in certain 
senses equally a pioneer with Watt, and, without his optimism and business 
acumen, it is doubtful if Watt's pessimism would not have foredoomed his 
inventive genius to failure. Boulton's life falls broadly into four divisions, 
a hardware manufacturer, in the language of those times a toymaker ; a 
producer of artistic Sheffield and silver plate, ormolu and mechanical pictures ; 
the development of Watt's steam engine ; and the improvement of coinage. 
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Hie story, delightfully related, tells of his contacts with John Roebuck, 
Benjamin Franklin and William Murdock, who applied for a position in a 
wooden hat of his own turning. His friendships with Erasmus Darwin, 
Josiah Wedgwood, Dr. Priestley and Sir Joseph Banks, President of the 
Royal Society, of which both Boulton and Watt were elected Fellows in 1784, 
all find their place in this enlightening study. 

Matthew Boulton delighted to point out that he^ was bom in 1728, the same 
number as that of cubic inches in a cubic foot, and this outlook was a key to 
his whole character. Ho is instinctively thought of in connection with the 
development of the steam engine, but in reality there wore other claims to 
fame equally his own. He was one of the first to realise the principles of 
machine industry, to press for standardisation of output with its rodu(5tion of 
cost but without any df3creas0 of quality, whilst ho rated highly the value to 
industry of first-rate artistic designs — examples of his candelabra and other 
products still extant boar witness to this. An admirable employer, one reads 
of his boys at thf^ coining presses being clothed in white trousei's and jackets 
which were washed every week ; in short, his interest in employee welfare was 
as keen as his business sense. The debt the country owes Boulton for placing 
its copper coinage on a satisfactory basis is too often overlooked : between 
1797 and 1808 no less than 3631 tons of copper coin was minted at Soho. 

This book with its well -designed Preface and complete Index will repay 
study by all interested in the lives of the early enginoei*H, and there must bo 
few not interested in that evolutionary period. 

C. E. R. S. 

Portraits oi Eminent Mathematicians, with brie! biographical 

aketchee. By David Eugene Smith. Pictorial Mathematics, Port- 
folio No. 1. [Pp. 62,] (Now York ; Scripta Mathematica, 1936.) 

This is a portfolio containing a set of portraits of twelve famous mathe- 
maticians : Archimedes, Copernicus, Vidte, Galileo, Napier, Descai’tes, 
Newton, Leibniz, Lagrange, Gauss, Lobachevsky, Sylvester. The portraits 
are in every case reproductions of originals teikon from life, “ no fanciful 
picture being used,” we ore told in tho introduction. In one case, that of 
Archimedes, this was obviously difficult ; the Roman mosaic of a.d. 70 could 
hardly give more than a traditional likeness, but it was clearly tho nearest 
approach tliat could be found. 

To each picture are annexed a couple of pages giving a brief account of the 
biography of its subject. But it seems a pity tlrnt no reference indicating the 
origin of the picture reproduced, with particulars of the artist, date and 
present location, has b^n included. This omission is particularly to be 
regretted in those cases (e.g. that of Newton) whore a number of such portraits 
are known to be in existenoo. 

The biographical notes are obviously intended for the non-mathematical 
reader. The relative stress laid on different achievements and events is 
occasionally rather surprising, as when a whole paragraph is devoted to 
Galileo’s ” geometric ” compasses, but his work on the strength of materials 
is not mentioned, and tho tragedy of his persecution is dismissed in tho state- 
ment that ** he was in conflict with the Inquisition, and as a result was not 
looked upon with favour by the ecclesiastical authorities.” 

The selection of the favoured twelve would not be easy to justify, if it were 
meant to be flnal. Few would agree to include Leibniz and exclude Euler, 
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or to place Lobachevsky above Cauchy or Abel. This criticism is met, how- 
ever, by the hint given in the introduction that this portfolio is a first instal- 
ment, not an ultimate choice. 

A very valuable feature is that, wherever possible, a facsimile of the hand- 
writing has been added to the notes and the portrait in each case. 

The reproductions are excellent and the whole portfolio is attractively 
produced. L. N. G. F. 

The Development of Modern Medicine. By Richard H. Shryock. 
[Pp. xvi -f 442, with 8 plates and 10 charts.] (Philadelphia ; Uni- 
versity of Pennsylvania Press ; London : Humphrey Milford, 1936, 
net.) 

The relation of modem medicine to social history is a fascinating aspect 
in the study of human progress. Emerging shyly from the medieval mystic- 
ism of the sixteenth century together with the awakening of the physical 
sciences, medicine remained handicapped by the poverty of its data, by the 
superstitions and prejudices of the laity, by the opposition of the priests, 
and by the conser\^atism of the medicals themselves, at that time distracted 
by their philosophies and metaphysics and their enforced limitation to the 
qualitative view of their science ; measurements and quantitative estimations 
were not then applicable or possible, so that the treatment of disease was 
purely empirical and still often regarded as impious. The author catalogues 
a long series of names handed down to us from this period showing an oscil- 
lating progress from generation to generation, slight advances followed by 
setb^ks, and he shows very clearly that only by the introduction of measure- 
ment and mathematical treatment of data did medicine become more a 
science and loss an art. Especially during the last century was progress 
extraordinarily accelerated by the e^dition of facts resulting from improved 
anatomical and physiological study and the development of microscopy and 
staining methods which enabled histology, bacteriology and immimology to 
explain the pathology and etiology of disease and place medical science on 
a firm foundation which led to prophylaxis and initiated the era of the science 
of health. 

This is a widespread subject and the author has omitted few of the 
branches of medicine from his story. The chapter dealing with public 
health seems to be more intimately in touch with the original sociological 
thesis and is also more continuously written and is more easily read than 
some of the other chapters which suffer from the author’s amazing labour 
in collecting authorities, and often from confusing oluronology. 

The accompanying illustrations have no immediate reference to the text 
and have already served in previous publications and they show a meretricious 
realism which appears rather out of place. 

Dr, Shryock has produced a most interesting book which sliould appeal 
alike to professional and to lay readers. p j 

Tlia Marcb of Science : A Firet Quini^ueimial Review, 1931-1935. 

By various Authors. Issued under the authority of the Council of the 
British Association for the Advancement of Science. [Pp. viii 4- UA] 
(London t Sir Isaac Pitman & Sons, Ltd., 1937. 3s. 6d. net.) 

As stated in the Preface the Council of the British Assooiation in issuing 
this Review had a twofold object in view, nam^, to bring the progress ctf 
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the soienoee before (a) the layman — ^thtis fulfilling one of the Association's 
prescribed objects, and (b) the scientific worker in one branch who may wish 
for information concerning advances in branches of knowledge other than 
his own. There are in all 16 sections each dealing with a different subject 
and written by an expert in that subject. Beginning with an article on 
Cosmical Physics by Sir James Jeans, there follow sections on Geology, 
Geography, litany. Zoology, Anthropology, Psychology, Educational Science, 
Economic Science, Agricultural Science, Physiology, Biochemistry, Physics, 
Physical Chemistry, Organic Chemistry and Science and Industry. This is 
a goodly list and covers most fields, except medicine and surgery which were 
not found to lend themselves to treatment on the general lines of this review. 
This is a book which can be opened onywliere and read with profit and 
interest; the reviews are naturally very condensed but nevertheless they 
contain a great wealth of information in sufficient outline to indicate the 
general trend of the advances and to whet the appetite for more detail. 
Though not a large book, the price is very reasonable for the amount of 
information and instruction which it provides. It would be invidious to 
single out any one section for special comment and quite) impossible to convey 
any more particulars as to the nature of the contents of this very useful 
book, but it may bo safely recommended os a mine of information in a small 
compass. 

P. H. 


MISCELLANEOUS 

The World of Science. By F. Skkewood Tayiajr, Ph.D., M.A., B.Sc. 

[Pp. xvi + 1064, with 48 plates and 633 figures.] (London ; William 

Heinomann, Ltd., 1936. 8a. Od. net.) 

This book is not merely the most recent and best attempt “ to answer in 
simple terms the questions which the ordinary man and woman ask about 
living creatures, the world and the mechanical devices daily encountered by 
all.** It is much more a personal triumph for Dr, Sherwood Taylor and an 
achievement which must serve to rank him with those select few who like 
Andrade, Bragg, Huxley and Jeans possess the greatly to be envied gift of 
popular exposition. 

Since there ore over a thousand pages of text, scarcely one without some 
special merit, whether in its happy choice of subject matter or felicity of 
treatment, over five himdred fine diagrams and sketches, and fifty pages of 
wholly admirable photograplis, it is difficult to select any representative 
extra^. The keynote of the book is modernity of treatment and subject 
matter, an odd, for example, being described os a substance from which 
hydrogen ** is in some measure detached as a hydroxonium ion ** on solution 
in water. The description and diagrammatic representation of the formation 
of salt ozystaJs from solutions of caustic soda and hydrochloric acid (p. 579) 
is but one topic described better in this book than in many actual text-books 
of soienoe. 

However, like Brownmg*s Grammarian — ** this high one aiming at a 
million misses an unit ** — Dr. Sherwood Taylor oooasionally lapses from infal- 
libility. Thus, in his description of the rusting of iron, the impression might 
be gained that hydrogen gas is liberated in amoimt proportion^ to the weight 
of iron rusted. The description of the lead accumulator (p. 299) states that, 
when disoharged, the plates are coated with pure lead and lead sulphate 
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reepectively. Wisely, perhaps, the subject of valency has heon glossed over ; 
yet in the many structural formulae, the apparent inconsistencies in, for 
example, linking two oxygen atoms sometimes by two bonds (pp. 647, 674), 
and sometimes by one only (pp. 616, 623, &c), will probably puzzle the careful 
reader. 

Yet such points as these scarcely detract from the merits of the book 
as an organic whole, though their correction will certainly enhance the value 
of future editions — for there will surely be many such demanded. 

This is indeed a book to buy and to read, as the reviewer has done, with 
profit and real pleasure. jj j 

The Scientific Journal of the Royal College of Science. Vol. VII. 

Containing papers read during the Session 1936-37 before The Imperial 
College Chemical Society, The Royal College of Science Natural 
History Society and The Royal College of Science Mathematical and 
Physical Society. [Pp. 146, with figures.] (London : Edward 
Arnold & Co., 1937. 7^. 6d.) 

This volume contains eleven out of a total of forty-three papers delivered 
before the three societies mentioned ; they are intended to represent the 
latest trend of scientific thought in the particular fields they deal with. The 
papers here selected for publication, though not of equal interest to all reciders, 
offer a fairly wide selection of subjects. Among those of outstanding merit 
may be mentioned one by Professor Finch on “ The Structure of Polish,” 
which gives an account of the light thrown on the nature of polislied surfaces 
by on examination of the electron diffraction patterns which they produce ; 
an important practical application of the results obtained is the increased 
resistance to wear and tear of aluminium surfaces which may be achieved 
by burnishing with a magnesium rod as the restdt of the formation of a super- 
ficial layer of spinel. A very intc^resting and complete account of the Natural 
Coumarins and their effect on fish is contributed by Dr. N. Platzer. Other 
papers deal with ” Some Aspects of Clay Chemistry,” ” Plant Poisons,” ” The 
Habits of the Solitary Wasps,” “ Virus Diseases in Strawberries,” ” The 
Development of the Photographic Lens,” ” Applications of the Thyratron,” 
and ” The Photographic Latent Image.” 

The whole collection produced as it is entirely under student control is a 
very creditable piece of work. 

P» H* 

The Wandering Spirit. By Raonar Nubujun, Ph.D. With a Fore- 
word by Dr. E. Wbstkrmarok. [Pp. xvi -f 376.] (London ; Mac- 
millan Sc Co., Ltd., 1037. 20s. net.) 

It is one of the leading characteristics of our race that it has distributed 
itself in most latitudes under equatorial as well as arctic climes. This prime 
indication of its capacity for wandering leads the student to hope that the 
author will bring a wide knowledge of archaeology and anthropology, includ- 
ing ethnology, to bear upon this fact, to trace some of the main drifts through 
which man distributed himself over the globe and to draw conclusions thence. 
But The Wandering Spirit eschews this great task and after a few very 
thin zeferences to early movements it proceeds to work out its chosen aim 
of collecting literary references to mobility of peoples. The author’s atti- 
tude is illustrated by his statement that what Cnsar and Tacitus wrote 
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about the nomaciism of the ancient Teutons must bo considoreHi as having 
greater weight than modem speculations. One is disposed to agree, 
phasising the word speculations ^ for those are indeed a curse of modem 
thought in Gemiany, but, surely, before expressing an opinion, Dr. Nurnelin 
should have learned something about Central European archaeology. None 
of the leading modem surveys by Childe or Kraft or Wahle is mentioned. 
Again, one of the most fascinating topics relating to Britain and the Danish 
region is the fact that at the dawn of civilisation in both a drift that liad 
come through Central Europe mot people who had come by sea from the 
Mediterranean. Motives and results of those movements are of great im- 
portance even for the understanding of modern Europe. Dr. Nurnelin, 
however, confimjs his attention more especially to the movements that seem 
relatively aimless and his interest is in the demonstration of the theory that 
a mere “ wandering instinct ” is not a sulEcient explanation, though this 
instinct may grow with experience and become very potent indeed. The 
references and bibliography of this book are perhaps its chief value ; wo 
still need a book on the Wandering Spirit that shall interpret wanderings 
and consecpient contacts, with due regard both to motiv<?s of wandering and 
to its effects which have contributed so much to cross -fertilisation of ideas. 
Wlien that book is written one hopes its author will remember how dangerous 
it is to take one detail out of the life of a people and argue about it on the 
basis of analogy with another detail in the life of another people. 

H. J. F. 


Otur Natural Resources and Their Conservation. Edited by A. E. 
Pabkins and J, R. Whitajceh. [Pp. xii -f 660, with 130 figures.] 
(New York : John Wiley & Sons, Ino. ; London : Clmpman & Hall, 
Ltd., 1936. 25^. not.) 

Tma is a symposium by twenty-two contributors, dealing with various 
natural resources and the problems associated with their rational use in 
U.S.A. Many of the authors are well known to English geographers, and 
the names, among others, of W. W. Atwood, O. E. Baker, J. Russell Smith, 
Ellsworth Huntington and Nels Bengtson should offer a guarantee of the 
value of the work. It is divided into ten parts, of which Parts II, HI, 
rV, V and X receive about five-sixths of the space. Part II has eight 
chapters dealing with agriculture, including such topics as soils, soil erosion 
and the agricultural outlook. Part III has two chapters on the forests 
and their utilisation ; Part IV four chapters on water supply, waterways, 
water power and floods ; Part V two chapters on minerals, including mineral 
fuels, and Part X two chapters on local, state and national planning. 
Straightforwardly written, it is entirely suitable to the intelligent layman, 
and will prove of very great value to the student of the economic geography 
of the United States. The editors are to be congratulated both on their 
planning of the book and on their choice of contributors. 

R. O. B. 

The Preservation of our Scenery. By Vaughan Coknish, D.So. 
[Pp. xiv -f 91, with 12 illustrations.] (Cambridge : at the University 
Press, 1937. 7s. 6d. net.) 

This book contains a reprint of 6 essajns and addressee relating to the pre- 
servation of our scenery published between 1929 and 1936. The author 

DD 
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divides scenery into 6 types — Coast, Mountain, Moor and Down, River 
Gorges, Woodland and Fenland, and advocates the formation of National 
Parks to illustrate these types, distributed os equitably os possible in relation 
to the chief industrial districts. He suggests the following districts as 
fulfilling the necessary conditions. For coast scenery, the clifi’ for 10 miles 
on either side of Lands End and also tlie Pembrokeshire coast between 
St* David’s Head and St. Ann’s Hoad. For mountain soonory, the centre 
of the Lake District within a circle of 12 miles radius centred on Dunmail 
Raise together with the Snowdon area containing a tract 28 by 14 miles. 
For moorland sceneiy, tlie Dartmoor Region and portions of tho Pennine 
Chain and Northumberland : these areas would also include riv'er scenery 
and under tliis heading Dovedalo also, as having a special claim, together 
with the gorges of tho Wye as proposcil by Lord Bledisloo for tho Forest 
of Dean national park. For fenland scenory, tho author suggests a tract 
in the Broads traversed by the River Bun^ and its tributaries. In the 
later essays the author enters into further details. He stresses the value 
of trees in tho English landscape and points out that tho i>erHonality of the 
tree is related to the fact that it stands upright, as we do with trunk and 
limbs, and that human figures appearing in a woodland scene have a special 
charm which is lacking when they are viewed in the open country. Other 
points considered are the pictorial unity of architecture and nature in English 
scenery and the fact that types of good village architecture in England were 
laid down in Tudor times. He expresses the hope that the sentiment which 
protects ancient monuments may include tho dignified architecture (collegiate 
buildings and cathedrals) which is a precious heritage froni the eighteenth 
century. 

The book is illustrated with twelve reproductions from sketches by the 
author, some of which are of considerable merit. The view of the Whin 
Sill on the Roman Wall is particularly liappy and illustrates tho charae- 
teristio texture of the Basalt admirably. 

The book is of special value at the present time while public interest 
has been aroused in the necessity for immediate action to bo taken for the 
preservation of definite areas by the ostablisliment of National Parks. 

E. J. G. 

EMreises in Cartography. By Frank Dbbbnham, O.B.E., M.A. [Pp. 
viii -f 136, with 109 figmes.] (London and Glasgow : Blaokie & Son, 
Ltd., 1937. He. 6d. net.) 

Maps are the special implements of tho geographer, and mapwork of all kinds 
is therefore the geographer’s special job. In this book Prof. Debenham 
gives us in printed form, admirably set out and illustrated, the exercises set 
during a number of years to students in his department of Geography at 
Cambridge. They correspond broadly with tho exercises worked by students 
in most geography departments of universities, and will therefore be widely 
welcomed and used. The chapter on map projections is very short, but the 
author no doubt takes it for granted that other well-known works will supple- 
ment his book here. He gives an attractive introduction on drawing instru- 
ments and materials as well as a critical review of styles of map-lettering 
which may be practised by amateurs or should be avoided by them. The 
instructions concerning relief models may occasion some difference of opinion ; 
it is rarely, if ever, possible to make an effective model, even of a hill-area. 
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in Britain with horizontal and vertical scalee both 1 inch « 1 mile j 
1 inch 2000 feet vertical is often effective and on the whole avoids too 
much exaggeration. / 

H. J. F. 

Naven ; A Survey of the Problems suggested by a Composite 
Picture of the Culture of a New Guinea Tribe drawn from 
Three Points of View. By Gregory Bateson, M.A. [Pp. x 
286, with 28 plates and 6 figures.] {Cambridge : at the University 
Press, 1936. 18«. not.) 

The Naven are ceremonies performed by the latmul people who live on 
the middle roachos of the Sepik River in the Mandated Ten’itory of New 
Guinea. Tlie book endeavours to describe a corttiin typo of ceremonial 
behaviour of those people. During these ceromoniojs the men dress as 
women and women as men. The author tries in his own words “ to relate 
this behaviour not only to the structure and pragmatic functioning of 
latmul culture, but also to its ethos.** He is one of the most honest writers 
that a fairly wide reader of miscellaneous anthropological literature has had 
the good fortune to moot for some time. He frankly admits that he wasted 
a good deal of his time in New Guinea and tliat there are all soits of gaps 
in his notes. Ho certainly has not produced the orthodox and proper account 
of an antliropological expedition which makes the hardened sceptic wonder 
how on earth the inexperienced searcher after truth found it all out. On 
the contrary, he positively revels in his gaps. The book is at once a state- 
ment of dissatisfaction with many existing methods and an attempt to 
suggest something now. The points which the author especially wishes 
to empliasise are first the “ ethos ** by wliich he means emotional aspects, 
and second the “ eidos ’* by which he means cognitive aspects. As he is 
searching after truth and, it would appear, rather hampered than helped 
by such philosophical phraseology as he uses, the book is not easy to road. 
It is not fair to quote out of context but Mr. Bateson *s use of such words 
as integration or pragmatic ** fimctioning (the quotation marks are his, 
not mine) is not easy to understand. On the other hand, his very difficulties 
and the frank way in which they are discussed are most instructive. The 
photographs are excellent and made the more valuable by the notes which 
accompany each. There is a good glossary, but a table of contents is hardly 
a sufficient substitute for on index. 

L. H. D. B. 

The Nation’s Intelligence. By J. L. Quay. Changing World Library, 
No. 1. [Pp. vi -f 164, with 2 figures.] (London : Watts A Co., 
1936. 2s. ed. net.) 

In this little book the author has tried to present an account of the modem 
methods of tlie Intelligence test which is used so extensively to-day, and 
at the same time he discusses the question of the differences between the 
average intelligence of social groups. The book is intended primarily for 
consumption by the general '' intelligent ** public, and it should succeed in 
its object, which is to take us behind the scenes in the preparation of in- 
telligence tests and to awake our consciences to the mass of “ intelligence ” 
in the nation waiting for a chance to demonstrate its existence. 

Mr. Gray does not avoid the major issue of what information we get 
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when we have the results of intelligence tests on a group of persons. The 
old methods of judging a child’s capacity for citizenship* for application in 
some occupation, for living generally, consisted of tests of handwriting, 
spelling, composition, arithmetic and testing memory by dates and geo- 
graphical features. The newer intelligence tests try to guide us to a more 
fundamental truth than before. But they do not pretend to tell us which 
individual will make a fortune on the Stock Exchange, who will be successful 
as an Industrialist or Administrator or Crossword Puzzle Solver. 

Mr. Gray points out that other things besides ability to benefit decide 
the choice which the nation makes of those persona of young ago who are 
admitted to centres of higher learning, and who are therefore on the road 
to positions of influence in the nation’s destiny. The economic advantages 
which belong to the higher social classes enable the children of those classes 
to greater educational benefits, Mr. Gray doubts if there is much, if any, 
greater ability, cn the average, in tliis group of children when compared 
with children of other social groups. How far it is reasonable to take the 
results of inteUigence tests only into account here it is difficult to say. There 
are all kinds of advantages which belong to certain social groups which 
influence those fortunate (or unfortunate) ones who belong there, which 
cannot bo appraised numerically. Herein lies, perhaps, the difference be- 
tween Education as Book-learning and Culture in its best sense. 

But there is certainly a case for investigation. Anyone who has had 
dealings with “ Delayed Higher Education,” where one meets older people, 
keen, intelligent and active, who missed opportunities or who never had 
opportunities when young of getting to know tilings, realises what poten- 
tialities there are in the nation’s youth. 

E. C. Rho0»8. 

Creative Education and the Future. By Olive A. Wheeler, D.So. 

[Pp. xi -f 365, with 8 figures.] (London ; University of London 

Press, Ltd,, 1936. 8s. 6d. net.) 

This book aims at showing that there are two educational commandments 
to-day — to train human beings for the living present, and to pay more 
attention to their individual needs. Education will not, it argues, be 
” creative ” until it is better adjusted to the varieties of individuals for 
whom provision has to be made. The book is written in a very clear style, 
is well printed and reads easily. The writer, possibly hoping that the ” lay- 
man ” will read the work, avoids a great many teolmical terms and puts 
her matter simply, though it is a pity that the phrase “psychologize 
education ” has been adopted for the importance of studying individual 
needs. 

In the first two sections of the book, “ Tiio Living Present ” and “ The 
Living Individual,” the author has collected in concise form most of the 
expressed thoughts of the last century on education and its allied subjects, 
and has evidently kept herself well abreast of developments, and discussions 
of suggested developments in the educational world. She touches on or 
alludes to Women’s Institutes, The A£^KX3iation for Citizenship, international 
jamborees, Universities in a changing world, the Gary Schools of America, 
as well as giving fuller consideration to new problems such as that of in# 
creased leisure. She considers that a “ tendency to ordered change ... is 
the outstanding feature of modem education ” and regards it as a hopeful 
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Bign. She courageously points out that “ Education needs to be religious 
in its broadest sense,** and to be effective in influencing modem life religion 
must be adventurous. 

In the section on living individuals the writer states very clearly her 
conviction that the three stages of the growth of the human being are In|hncy 
from birth to 5 years. Childhood from 5 to 11 or 12 years, and Adolescence 
from 11 or 12 to 21 years ; and that in each of those stages there is first 
rapid growth followed by “ filling out ” both in the physical and mental 
development. She rebuts the divisions blessed “ for convenience ” by 
Professor Cyril Burt- — 0 to 7 years, 7 tn 14 years, 14 to 21 years. She points 
out that the compilers of the Hadow Report and its successors bore the 
former divisions in mind, but she issues a sound warning that the principles 
imderlying the reorganisation proposals must be imdorstood and the new 
problems faced before there will bo a real improvement in the quality of 
Education. 

One natiually turns to the last section to find out what the Trends 
of development in Modem Education ” are or should be, but here one meets 
with a sense of disappointment. The author’s able simimariaing continues ; 
the need of nursery schools, the raising of the school- leaving ago. the selection 
of the University student, whether education shall be a degree subject, are 
already much-debated matters, and she sums up the argiunents well. But 
definite oonstmotivo contributions to solutions of educational problems are 
not many. The best are the following i 

(a) The principle enunciated by Sanderson of Oundlo that “ wo must 
not cast out our weak ones *’ must not be forgotten, but she urges that “ we 
must do no violence to our strong ones,** and children of high intellectual 
ability and special gifts must have special attention in order that their work 
and games may bo sufficiently stimulating. 

(b) The false antithesis between technical and “ liberal *’ education should 
bo broken down and each individual should receive, according to his gifts, 
a training for work and for leisure. (It is a fair comment that Universities 
“ lag ’* in adjusting themselves to the living present.) 

(c) Her scheme for the curriculum in the new senior schools is one of 
the beet yet conceived and is worth much consideration. It caters for the 
physical needs of the scholars and is broad on the mental side, giving atten- 
tion to the humanistic, the scientific and the artistic. It includes personal 
culture, and asks that vocational training shall be deferred to late in the 
course. It also includes moral and religious training. 

The book is stimulating and deserves to be road. 

F. M. W. 

Books and Documents : Dating, Psrmanenoe and Px^servation. 

By Julius Grakt, Ph.D,, M.Sc., F.I.C. [Pp. xii. -f* 218, with 36 
figures, including 12 plates.] (London : Graffnn Co., 1937. l(k. 6d. 
net.) 

Thb purpose of this book, which is partly indicated by the sub-title, is 
fully explained in the Preface : it is, first, to help librarians, collectors, 
antiquaries and certain soientifio workers ** to know something of the age, 
history and origin of the materials ** of the books and documents they handle, 
and to appreciate ** the extent to which these materials are likely to resist 
the ravages of time, and the best way of assisting them to do so,** and. 
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second, to interest and assist “ all those concerned with the manufacture 
and production of books or dociunents.” 

The book is divided into two parts, as follows ; 

Part I : this includes the history of paper-making ; the method of 
dating books and documents from the physical structure of the paper, the 
nature of the fibre and ink, the watermark, and the sizing, loading and 
colouring matters tised. The methods of determining the various character- 
istics enumerated are then described, a special chapter being devoted to the 
examination by means of ultra-violet rays, which are called ultra-violet 
light, a common mistake, although the rays are not luminous. 

Part II : tliis deals with the nature and cause of the deterioration of 
paper, ink and bindings, the methods of testing for permanence and the 
standards suggested. 

The book is excellent and should prove most useful to those interested 
in such matters, especially to librarians, lawyers and specialists who may 
be called upon to deal with the subject of the date of questioned doctiments. 

Naturally no book is, or con bo, perfect, and by pointing out short- 
comings and mistakes, the reviewer hopes that the inevitable future editions 
may be made stiU more useful. One marked defect is the very j>oor illus- 
trations (Figs. 9 to 21) showing the stmctural characteristics of the various 
paper -making fibres, which, strangely, do not include one of the most im- 
portant fibres used, namely linen. Hie illustrations of dissecting-needles 
for the examination of paper, a bottle for the staining solution for use in the 
identification of fibres, the one paper-testing machine given and the pro- 
jector for film-slides, all seem unnecessary and the last two are very poorly 
reproduced. With reference to papyrus, it is stated that this material “ is 
the laminated bark of an Egyptian river plant, the constituent films of 
which were i)a8ted together crosswise, with gum or starch, to form a hard 
sheet.” Papyrus was not the bark of the papyrus plant, but the pith ; 
the separate layers were not films, but, until beaten, thick slices, and these 
layers were not pasted together with either gum or starch, the adhesive 
being the natural juice of the plant, an extraneous adhesive being employed 
only to fasten together the short pieces, as made, in order to produce a 
long roll. 

The book is well printed and bound and contains a good bibliography 
and index ; it is strongly recommended. 

A. Lttoab. 

The Subject Index to Periodicals, 1936. [Pp. xii -f 598 columns.] 
(London : The Library Association, 1937. £3 lOtf. net.) 

To many scientists the elaboration of method employed in bibliographical 
works is often a cause of much irritation. Classification systems with minute 
subdivisions of the subject are not always well adapted to the needs of those 
who are occupied with problems of research and the use of complicated 
symbols bearing no plain meaning is apt to make them blind to the true 
merits of work to which much careful labour has been devoted. On such 
grounds m these there con be no complaint against the Library Association’s 
Subject Index ; it employs a simple alphabetical arrangement of headings 
with no subdivisions, avoids all decimal and other symbolic devices, and 
provides a complete list of titles of journals to which reference is quite simple 
in all cases in which the abbreviated titles are not at once intelligible* But 
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the Bcientiet nm«t remember that the Index is compiled for the use of 
enquirers generally and does not profess to cater for the specialist^ and that 
the headings adopted are therefore those under which the layman may be 
expected to seek information on a given topic. 

It is perhaps as well to repeat the reminder which has appeared in these 
pages on previous occasions when a volume of the Subject Index has been 
reviewed, to the effect that the Library Association intentionally abstains 
from indexing those journals which are already adequately covered by the 
recognised indexes of a specialist nature such as Index Medicus and Engineer- 
ing Abstracts. This is a perfectly justifiable course to take and is far from 
being any reflection upon the admirable work done by Mr. T. R. Powel, 
the Library Association’s general editor, and his corps of voluntary assistants. 

J. W. 
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Tke news of Rutherford’s death fell on us with such suddenness 
that it was not until some days after that we came to realise how 
great was the loss to science, and in particular to English science. 
Our feelings for the man himself were strongest in our minds during 
the days between the first bad news and the Abbey service, days 
when everyone who had known him was labouring under a very 
real distress. We were trying to realise that we would no longer 
hear his excited account of new ideas to be put to the test, his 
jests about old days and present personalities, or that word of 
approval so freely given and so long treasured. Everybody knew, 
of course, that the greatest experimenter of our generation had 
gone from among us, but it is now, when we put aside for a moment 
personal feelings and look round at the scientific scene, that we 
fully realise how great is the gap left. 

The story of Rutherford’s life and achievements has been often 
told during the past weeks ; how in 1895 he came from New 
Zealand as a young man of twenty -four with an 1851 Exhibitions 
Scholarship, and entered the Cavendish Laboratory as the first 
‘‘research student ” : how three years later, having already made 
a name for himself in Cambridge, he went to McGill University, 
in Toronto, where he carried out his first researches in radioactivity, 
and, with Soddy, put forward the theory of radioactivity : how, 
already world famous at thirty-six, he came to Manchester and 
there built up a school of research which attracted students from 
all over the world, and made the science of radioactivity the focus 
of scientific discovery : how in 1919 he succeeded his old teacher, 
Sir J. J. Thomson, as Cavendish Professor at Cambridge, and, with 
his students, carried out work on the atomic nucleus which was 
responsible for great schools of research on both sides of the Atlantic. 
He was stricken down at the height of his powers, and with a merciful 
suddenness, for a long illness would have been a terrible thing to 
a man of his ebullient temperament. 
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At Manchester Rutherford could devote practically his whole 
energies to research — ^not that he neglected his teaching duties, 
which he always took very seriously, but that the outside world 
made little claim on him. His powers of organisation were directed 
to planning his campaigns for advances into the unknown, in which 
every man in his little army was allotted a task suited to his com- 
petence. In those days he was working in the laboratory as an 
experimenter with his own hands, and wonderful hands they were. 
He knew by instinct just how hard he could hit a delicate piece of 
apparatus if he wanted to shift a pellet of mercury, just as he knew 
the limits to which rough apparatus could be made to go with proper 
care. He seemed to know by instinct what experimental difficulties 
were to be met, and how they could be overcome. His intuition 
for what was significant and what insignificant was extraordinary 
— after all, the whole theory of the nuclear atom arose from the 
fact that Rutherford realised that the few extra alpha particles 
scattered through large angles were profoundly significant. They 
could so easily have been passed over as a minor discrepancy. 

The War first took him away from the laboratory into the fields, 
where his advice on practical matters, so often demanded in later 
years, was invaluable. It was about this time that he first became 
connected with the Department of Scientific and Industrial Research, 
in which he was later Chairman of the Advisory Council. It is not 
always realised how wide was Rutherford’s interest during the 
post-War years in the relation between science and industry, and 
how much time he gave to scientific questions of immediate national 
importance — ^immediate, because indirectly Rutherford’s researches 
in pure science were of profoimd national importance. 

As Cavendish Professor he showed not only the full force of his 
scientific genius, but also his great powers of organisation. When 
he took charge of the Laboratory, it was suffering from the effects 
of the war years, and the equipment, though such magnificent work 
had been done with it by J. J. Thomson and his students, was 
comparatively primitive. He had to build up round him the great 
experimental resources needed for modem work, and to find the 
men who could control them. Further, he had to furnish inspiration 
for a very numerous body of enthusiastic students, of varied ability. 

Into these different tasks he threw himself with characteristic 
energy and enthusiasm. His first work at Cambridge on artificial 
transmutation was earned out with his old technique of alpha 
particles and scintillations, but he had long been revolving in his 
mind the question of producing artificially accelerated atoms of 
sufficient energy to affect transmutations, and in due course in- 
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stalled apparatus to produce such particles, and urged Cockroft 
and Walton to try the effects of potentials which theory at the time 
held to be far too small, with results which initiated a new type 
of research. The neutron, discovered by Chadwick, had been 
envisaged as a possible entity by Rutherford, years before its experi- 
mental realisation. It was Rutherford’s convictions and driving 
force that vitalised the Laboratory, and that drew around him the 
brilliant men who formed the backbone of the research school. 
His work at the Cavendish, however, gigantic as it was, represented 
only a part of his activities. He was full of encouragement for 
workers, however humble, in other fields : his genial presence at 
scientific gatherings always scattered seeds that bore good fruit : 
his lectures at the Royal Institution were characterised by brilliant 
anticipations and daring experiments : the book which he wrote 
with Chadwick and Ellis was a worthy successor to the famous 
Radioactive Svhstances of 1913. 

His great plans for the Cavendish were, alas, never completed. 
During the last year or two he saw himself with sufficient funds at 
his disposal to realise his plans for a great modern laboratory, but 
ho was snatched away before they could be completed, and it remains 
to be seen if he has left on record any sufficient description of what 
was his full scheme for the organisation, direction and division of 
the work. He has left things in a state of transition, outlined but 
unfinished. Whatever, and however brilliant, the future of the 
Cavendish Laboratory may be, it seems unlikely that it can ever 
again have that intimate and family aspect which it presented under 
the paternal direction of the great master whose passing we now 
salute. 


E. N. DA C. Andrade. 



THE STORY OF THE MAIDENHAIR TREE 

By Sib ALBERT C. SEWARD, Sc.D., F.R.S. 

Introductory 

In Marcli, 1936, several letters were published in The Times drawing 
attention to the remarkable history of the Maidenhair tree {Oinkgo 
hiloba L.) and its unique position as a link between the present 
age and an almost incredibly remote past. The interest awakened 
by the correspondence suggested to me the possibility that a fuller 
account of the history, both of the Maidenhair tree itself and the 
family or group of which it is the sole survivor, might be acceptable 
to readers of Science Progress. Oinkgo was selected as one of 
several examples of living plants of ancient lineage in a book first 
published in 1911 entitled Links with the Past in the Plani World 
and further reference was made to it in an article contributed to 
this journal in October 1936 on “ Selections from the study of 
Plant Migrations revealed by Fossils.*’ More recently, in an article 
published in Nature (May 1, 1937) attention was called to some 
important contributions to the geological history of the Oinkgo 
family by Dr. Florin of Stockholm and Professor Harris of Beading. 
My present aim is to give a fuller account of the story of Oinkgo 
and its allies, a story founded on data collected from plant-bearing 
rocks of many ages and, from widely scattered regions. Evidence 
furnished by fossils enables us to state with confidence that the 
Oinkgo ^oup of trees — the Ginkgoales — was once almost world- 
wide in its distribution and comprised many genera and species : 
a few million years ago this section of the plant kingdom fell from 
its high estate and is now represented by a single species. An 
attempt is made in the following pages, omitting unnecessary detail 
and technicalities, to present some of the evidence. The first part 
of this article is devoted to Oinkgo biloba, and closely related trees 
of the same genus which failed to persist until the present age. In 
the second part a short account is given of other genera included in 
the Oinkgo group that have long been extinct. 
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Part I 
Oinkgo biloba 

Oinkgo, like the Larch, is one of the few naked-seoded (Oymno- 
sperm) trees that is deciduous ; it reaches well over a hundred 
feet in height : the branches are spreading or steeply ascending. 
In the autumn the leaves assume an attractive golden colour before 
falling. In shape and venation the foliage is unlike that of any 
other tree ; it is fan -shaped or triangular and varies considerably 
in size and shape. The specific name biloba was chosen because in 
many, though by no means all, leaves the blade is divided by a 
median V-shaped depression into two symmetrical halves. Leaves 
vary from about one inch to two or three inches in depth, and 
from one to three inches in breadth ; they may reach a breadth of 
six inches, but this is exceptional. The slender leaf-stalk is one 
and a half or as much as two inches long. The lower margin of the 
blade may be almost straight and at right-angles to the stalk, or 
not infrequently in small leaves the outline is triangular, the two 
sides converging to the base : occasionally the lower margin has 
the form of a double ogee curve. The upper edge is rounded, entire, 
irregularly undulate, or bilobed. In some leaves, especially those 
on vigorous young shoots, the blade is often dissected by V-shaped 
depressions into four or more wedge-shaped segments. The deeply 
cut leaves with several cunoate lobes are reminiscent of the foliage 
of many extinct species. The range in size and shape of the foliage 
of the living species adds considerably to the diflSculty of deciding 
whether or not certain fossil leaves should be regarded as specifically 
identical with Oinkgo biloba, or indeed one with another. Accurate 
comparison is impossible without the aid of supplementary evidence 
from structural features. Forked veins radiate through the leaf 
from the lower margin : the venation is very similar to that of 
the leaflets of a Maidenhair fern (AdianJtum). Two strands of con- 
ducting tissue pass from the stem up the leaf stalk and branches 
from them form the spreading and forked veins. Here and there 
between the veins short tracts of secretory cells are easily recogniz- 
able as translucent patches when a leaf is seen in transmitted light, 
or as dark patches by reflected light. Similar secretory tracts are 
an almost constant character in the fossil leaves. 

The leaves are borne on two kinds of shoot : long shoots which 
grow with relative rapidity and determine the shape of the tree ; 
also short and very slow-growing shoots. On long shoots the leaves 
are scattered and spirally diapo^, while on the short shoots about 
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six or fewer are borne as a cluster at the tip. The surface of a 
dwarf or short shoot is covered with crowded scars left by leaves 
of past years. Special attention is called to the short foliage-shoots 
because they are characteristic of many extinct members of the 
family ; they are similar to tlte dwarf shoots of Larches and Cedars, 
and to the deciduous and smaller shoots of Pines. 

Male and female reproductive organs are borne on separate 
trees. It is possible to obtain both kinds of “ flower on one tree 
by grafting a female branch on to a male tree : this operation was 
successfully performed some years ago on the large male tree at 
Kew. My friend, the Rev. I^fessor A. C. Moule of Cambridge, 
tells me that he discovered a passage in an old Chinese book advising 
the planting of male and female seeds close together in order to 
ensure fertilization at a later stage. This implies an uncanny power 
of distinguishing male from female even in the seeds. The male 
flowers — as it is convenient to call the reproductive shoots — are 
loose catkins bearing on a slender axis several short stamens, each 
of which has two or rarely three or even four pollen-sacs. The 
female shoots are longer and larger, each usually bearing a pair of 
ovules which develop into fleshy yellow seeds as large as cherries. 
In the Far East the Maidenhair tree is spoken of as the Silver 
Apricot. Within the fleshy covering a hard shell, generally with 
a prominent median keel, encloses and protects the embryo and the 
store of food prepared by parent for offspring. The kernel (embryo 
and food) is eaten in China and Japan as a delicacy : the outer 
flesh is nauseous. 

Oinkgo, despite the difference in foliage, was formerly included 
with the Yew (Taxm) in the Taxinece, one of the families in another 
group of naked-seeded trees, the Conifers. About forty years ago 
a Japanese botanist, Hirase, discovered that the sperms are free- 
swimming bodies of relatively gigantic size, provided with iimumer- 
able lashing cilia in marked contrast to the passive and microscopic- 
ally minute male nuclei of Conifers. In view of this fundamental 
peculiarity, and having regard to other characters not found in 
Conifers, a new family and a new group, the Qinkgoales, were in- 
stituted for this isolated, aberrant, and primitive genus of naked- 
seeded plants. Thus Oinkgo came to be regarded as the single 
representative not only of a genus and family but of a group of 
Gymnosperms. There are many interesting points connected with 
the structure of the seed and other technical questions which need 
not be discussed m they have no direct bearing on the more general 
considerations with which this article is concerned. Oinkgo re- 
sembles Conifers in the main structural features of the wood ; it 
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is indeed very difficult to decide whether or not some examples of 
petrified fossil wood should be assigned to the Oinkgo family or to 
the Conifers. 


The Present Home op Oinkoo 

Some botanists believe that the Maidenhair tree is stiU living 
as a wild tree in certain Chinese forests ; others are definitely of 
opinion that it exists only in cultivation, the apparently wild trees 
being the offspring of parents planted by man. One thing is 
certain : Oinkgo has long been cultivated in China and Japan, 
and the oldest specimens occur in the neighbourhood of temples, 
so that it has sometimes been regarded as a sacred tree. Seeds 
have doubtless been dispersed by natural agency, producing trees 
at increasing distances from the parents : it is therefore not always 
easy to distinguish cultivated from wild specimens. English botan- 
ists and plant collectors who have travelled extensively in China 
say that they failed to discover the tree in forests remote from 
civilization. On the other hand, a few years ago a Chinese botanist 
recorded the occurrence of Oinkgo biloba in certain localities in the 
Chekiang province of eastern China : he wrote — “ This tree is very 
common in Tienmu-Shan growing in association with Conifers and 
broad-leaved trees. It seems to grow spontaneously in that region.” 
An aflBrmative reply to the question, does Oinkgo still exist in 
natural forests as a wild tree ? cannot be given with absolute 
certainty. It may still exist in places where man has played no 
part, and that is as much as can be said without reservation. There 
can be no doubt that China was the last, if it is not the present, 
natural home of the Maidenhair tree. It was brought to Europe 
in the early part of the eighteenth century ; to Utrecht about 1730, 
and to England a little later : the tree is now fairly common in 
European gardens, admired for its autumn colouring and the fem- 
like venation of the leaves. There is, however, another attribute 
which entitles it to our respect and protection : it is a remarkable 
and almost unique example of the extraordinary conservation and 
vitality through millions of years of a member of the plant kingdom 
whose forbears were forest trees ages before the birth of the human 
race, ages before the existence of our familiar broad-leaved trees, 
and antedating almost the whole of the Mammals. In comparison 
with most impressive man-made monuments, such as the step 
pyramid of Saqqara, which take us back to the dawn of civilisation, 
the records of plants preserved by nature in the sands and muds 
of former ages speak to us of a past beyond the power of human 
intelligenoe to appreciate. After reading the following summary 
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of the history of Ginkgo and its allies it will be easier to appreciate 
the reasonableness of describing the Maidenhair tree as one of the 
wonders of the world ; it has persisted with little change until the 
present through a long succession of ages when the earth was in- 
habited by animals and plailts for the most part far removed, in 
kind as in time, from their living descendants. Ginkgo is one of 
a small company of living plants which illustrates continuity and 
exceptional power of endurance in a changing world. The Ginkgos 
that grew in western and eastern forests one hundred and two 
hundred million years ago were no doubt very similar in appearance 
to the species that alone survives ; they lived the same life, depend- 
ing upon the light of the sun, the carbon-giving gas in the atmos- 
phere, and the water in the soil exactly as trees of the present day. 
When we reconstruct the continents over which the forests spread 
and restore to life the contemporary companions of the old Ginkgos, 
continuity gives place to discontinuity ; land where there is now 
water and water over regions that are now land. As the wind 
spreads a kaleidoscopic pattern of lights and shadows over the 
massed branches of the tree, we cannot but be conscious of the 
contrast between the wind, that has blown since the earth began, 
and the varying nature of the old-time forests — 

’Tie the old wind in the old anger 

But then it threshed another wood. 

When we regard the earth’s stuface in terms of the ordinary time- 
scale it gives us an impression of stability : adopting the time-scale 
of geologists we are able to measure the duration of earlier periods ; 
as we pass from one age to another we can follow the shifting 
boundaries of continents and seas. With minds prepared by 
thoughts derived from a geological retrospect Ginkgo becomes much 
more to us than a mere tree ; it speaks to us as an oracle recording 
in the trembling accents of its fluttering leaves the varying fortunes 
of its race and wanderings over the world’s s\irfaoe as age succeeded 
age ; it gives us glimpses of the great procession of life and the 
building of the world in which we live. 

A Notb on the Name Ginkoo 

The name Ginkgo was coined by Kaempfer, who travelled widely 
in the Far East, for a tree he first saw in Japan in 1690. Xn 1712 
in his book Ainoenit€Ue8 ExoUccb, he spoke of the tree as “ Ginkgo 
vel Gin an, vulgd Itsjo, arbor nucifera folio Adianto,” and published 
an excellent drawing of foliage-shoots and seeds. Unnaeus in 1771 
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adopted Kaempfer’s generic name and called the plant Ginkgo 
bikha. In obedience to the rules of nomenclature governing bo- 
tanical usage this is generally accepted. Twenty-six years later 
J. E. Smith proposed to substitute the generic name Saliaburia for 
the “ equally uncouth and barbarous “ Ginkgo of Kaempfer ; he 
also altered the specific name biloba to adiantifolia. Smith’s pro- 
posal was made subsequent to the date accepted as the starting-point 
of botanical nomenclature and was therefore not adopted. The 
word Ginkgo, which The Times newspaper, in recent correspondence 
on the tree, preferred to spell Gingko, has been variously inter- 
preted. In order to ascertain its true meaning I consulted my 
friend, the Rev. Dr. A. C. Moule, Professor of Chinese at Cambridge, 
who at once became interested and spared no pains to satisfy my 
curiosity. His extended researches have now been summarised in 
a paper published in T'oung Poo, Vol. XXXIII, Livr. 2 (E. J. Brill, 
Leiden). 

The word Gin in Chinese means “ silver ” and Kaempfer thought 
that Ginkgo meant Silver Apricot. Professor Moule points out 
that there are no grounds for the termination kgo ; the g cannot 
be explained and may be a slip in transcription, or Ginkgo may 
be a misprint for Sankyo, a word found by Professor Moule in one 
of Kaempfer’s MSS. in the British Museum Library ; it means Hill 
Apricot. The list of Japanese names which Kaempfer thought he 
was reproducing contains no such name as either Ginkyo or Ginkgo. 
The latter. Professor Moule writes, “ is unpronounceable and probably 
ought never to have existed.” But whatever the explanation 
of ” Ginkgo ” may be, the Japanese actually call the tree Icho (or 
Itsio) and the fruit Ginnan, and it is clear from Kaempfer’s MSS. 
that he was well aware of this. For a full discussion of all the 
names readers should consult the authoritative paper on ” The name 
Ginkgo biloba ” in T'oung Poo (Vol. XXXIII, Livr. 3). 

[I am also indebted to Professor Moule for much interesting 
information gathered from Chinese and Japanese writings and for 
notes contributed by his cousin, the Rev. G. H. Moule. A name 
for the Maidenhair tree used by authors in the early Middle Ages 
is Duck’s foot ; in the twelfth century a Chinese poet spoke of 
” the gold of the duck’s foot leaves,” referring to the autumn colour 
of the foliage. The Japanese believed that Ginkgo served as a 
protection against fire by exuding water when scorched : the Rev. 
6. H. IKbule writes that he has seen Ginkgo trees blackened by 
flames and scarcely hurt while other trees were destroyed. The 
same writer refers to the hanging roots on stems of old Ginkgo trees 
in Japan which are said to symbolize women’s breasts : he speaks 
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of a tree at Sendai ^ which has been worshipped for more than a 
thousand years by women suffering from lack of milk and any sick- 
ness of the breasts]. 

The Past Histoey of Oinkoo 

Let us first examine the nature of the evidence which enables 
us partially to reconstruct the past history of CHnkgo and other 
members of the Ginkgoalean group. Incomplete and fragmentary 
as it is, there is material enough to provide the outline of a fas- 
cinating story. It is fortunate that the leaves of Qinkgo can as a 
rule be recognised in a fossil state without much difficulty or danger 
of confusion with the foliage of other plants. Leaves are the chief 
source of our knowledge : seeds and other remains are rare and 
supply little more than confirmatory evidence. Form and vena- 
tion and, whenever possible, the minute structure of the surface 
layers of leaves furnish the necessary data. A fossil leaf may 
agree very closely in shape and venation with leaves of the living 
plant ; but that in itself is not proof of specific identity. For- 
tunately many fossils are not mere impressions on shale and sand- 
stone — ghosts without substance ; they are often covered with a 
black or brown film which is all that remains of the tissues. This 
film represents the altered or carbonised remains of the leaf sub- 
stance : its surface is the resistant cuticular skin which covered 
the epidermal layer of the living leaf. The film can often be 
detached from the rock, or it may peel off naturally. By treatment 
with appropriate reagents it is rendered less opaque and becomes 
amenable to microscopical examination, revealing the cell-pattern 
of the epidermal layer, including the minute and vitally important 
stomata. The stomatal apparatus, which regulates gaseous ex- 
change between the plant and the atmosphere, serving also as an 
exit for water- vapour, has a characteristic structure of great value 
in distinguishing one genus or family from another. Focussing 
below the surface of the film one can sometimes see the remains 
of underlying tissue, crushed and contracted, and readily detect 
the presence of secretory cells still containing dark patches of the 
original products of secretion. Thus valuable evidence is obtained 
enabling us to compare in detail the surface-layer and some of 
the deeper tissues with the corresponding structures in fresh leaves. 
By the use of modem methods of tecl^que it has been possible 
to correct conclusions based solely on external form. Botanists 

» For a photograph of the Sendai tree see Plant Life ihraugh the Agee 
(A. C. Seward, p. 621, Fig. 136.) 
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concerned only with living plants naturally and very properly attach 
the greatest importance to reproductive organs as criteria of relation- 
ship. The palseobotanist is in a much less favourable position ; he 
hardly ever finds fossil leaves and flowers preserved together, and 
indeed flowers are seldom available ; he has therefore beeft com- 
pelled to make the best use he can of leaves, and has studied them 
intensively. In rare instances it is possible to examine not only 
the surface-layer of fossil leaves but the structure of all the tissues : 
leaves and other parts of plants occasionally occur as petrifactions, 
preserved in amazing perfection. Petrifled leaves are abundant in 
the calcareous nodules of coal seams (Carboniferous period), but in 
rooks belonging to periods in which the Qinkgo family flourished 
they are exceedingly rare. One of the few examples of Ginkgoalean 
foliage preserved in this way is mentioned on a later page. 

Nearly thirty years ago the writer suggested the employment 
of the generic name Oinkgoitea in place of Qinkgo for fossil leaves 
which through lack of evidence cannot be regarded as generically 
identical with Oinkgo biloha. Fossil leaves closely resembling the 
foliage of the Maidenhair tree may have belonged to a tree having 
male and female flowers which differed in some important respects 
from those of the surviving species. Palseobotany is not an exact 
science : the documents which the student endeavours to decipher 
provide only scraps of information, and it is desirable that this 
lack of precision and paucity of evidence should be implied by 
the terminology which a palseobotanist employs. If he has sufficient 
evidence to justify him in assigning fossil leaves to the genus which 
includes Qinkgo bUoba, well and good ; if he has no such evidence, 
then he admits the lack of certainty by adopting the name Oink- 
goitea. It is, however, impossible in some instances to make a satis- 
factory choice between the alternative generic names. For present 
purposes it is not worth while to discuss tiresome though unavoidable 
questions of nomenclature ; for the sake of simplicity, rather than 
in accordance with strictly scientific considerations, the generic 
designation Oinkgo is adopted in the following accormt of fossil 
leaves believed to belong to trees which, if now living, would either 
be referred to Oinkgo or to a separate and very closely related genus 
of the same family. 


Fossil Lbaviss 

The periods of geological history with which we are concerned 
are arranged as follows ; 

Bei^t 

Quaternary 
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SOIBNCE PROGRESS 


Tertiary< 


fPliooene 
1 Miocene 
I Oligocene 
(Eocene 
Cretaceous 
Jurassic 
Rhsetic 
Triassic 


stage 


>> 


Permian 

Carboniferous 

As already stated, it is not absolutely certain, though by no meahs 
improbable, that the Maidenhair tree still exists as a wild tree : 
there can be no doubt of its natural occurrence in Far Eastern 
forests within the limits of the Recent period. Passing to the 
Quaternary period, to a time separated from the present by many 
thousand years, there is a record of the discovery of Oinkgo leaves 
by the Russian palaeobotanist Kxyshtofovich at a locality on the 
Bureya River in north-eastern Siberia (approximately 50° N. lat.) : 
good photographs of the fossils have not been seen. Descending the 
geological scale the next records are from Pliocene plant-beds in 
Prance and Germany. Well-preserved leaves were found near 
Frankfurt-on-Main very similar in form and venation to the leaves 
of Oinkgo biloba, agreeing also in the structure of the epidermal 
layer, though not identical in certain details. Other examples from 
the Pliocene stage have been described from the Rhone Valley, 
where forests formerly fringed the shores of a large gulf occupying 
the site of the southern part of the present river's course. These 
fossil leaves, superficially indistinguishable from the foliage of the 
living tree, with many others from Tertiary rocks, are usuaUy 
spoken of as Ginkgo adiantoides. Specimens have been obtained 
from rocks belonging to all stages of the Tertiary era, particularly 
from the earlier or Eocene strata. Some of the most beautifully 
preserved leaves are from the Island of Mull, where they were 
collected many years ago from sedimentary deposits associated with 
the horizontal sheets of basalt which give the characteristic terraced 
profile to some of the Inner Hebrides. In the early days of the 
Tertiary period, subsequent to the upheaval of the floor of the 
Cretaceous sea, volcanic forces, which had long been dormant, 
broke out into activity on a stupendous scale : through fissures 
in the earth's crust and from volcanoes sheets of lava spread over 
an enormous area including north-east Ireland, the Inner Hebrides, 
the Faroes, Greenland and other arctic regions. The columnar 
basalts of the Giant's Causeway in northern Ireland and Fingal's 
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cave in the island of Staffa belong to this Tertiary lava-field. The 
oocasional ooourrenoe of water-borne sedimentary material inter- 
calated among the sheets of lava, as in the island of Mull at Ardttm 
Head on the south-west coast, bears witness to periods of quiescence 
during which forests were able to colonise the lava-fields. Ginkgo 
was one of the forest trees. The leaves were first described by the 
late Mr. Starkie Gardner about fifty years ago, who spoke of them 
as indistinguishable from those of the living tree. Bealising tliat 
plants as old as the Eocene stage of the Tertiary period — a stage 
separated from the present by perhaps eighty million years — were 
probably not specifically identical with those of the present day, 
he referred the Mull fossils to the Tertiary species Ginkgo adiantoidea. 
A recent examination of the epidermal cells of the Mull leaves by 
Dr. Florin of Stockholm revealed certain peculiarities which led 
him to re-name the species 0. Oardneri. We do not know anything 
of the “ flowers ” of this species ; but it is safe to assert that the 
Mull tree was very closely allied to 0. biloba. 

Since the discovery of fossil Ginkgo leaves in Tertiary rocks 
of northern Italy, nearly a hundred years ago, numerous specimens 
from Eocene and later rocks have been described from widely 
separated localities in arctic and temperate regions. The significant 
fact that emerges from a review of the evidence furnished by rocks 
of the Tertiary period is that species of Ginkgo, how many we 
do not know, had a far-flung geographical range : the genus was 
represented in forests from the Pacific coast of North America to 
Alaska and arctic Canada ; in western and eastern Greenland as 
far north as latitude 74°, where leaves have been found in Tertiary 
rocks of Sabine Island. With many other trees Ginkgo flourished 
in Spitsbergen, in the forests of Siberia and as far east as the western 
shores of the Pacific ocean. Its territory was spread over wide 
tracts in both the Old and the New World, mainly in the northern 
hemisphere. It is, however, significant that in 1935 Professor 
E. W. Berry of Johns Hopkins University recorded the discovery of 
Tertiary Ginkgo leaves in Patagonia. This fact affords impressive 
proof of the enormous distance over which Ginkgo trees had been 
dispersed. Tertiary records are not all from rooks of- the same 
geological age ; most of them are from the Lower Tertiary, the 
Eocene stage ; some from Miocene and Oligooene rocks and a 
smaller number from the uppermost, or Pliocene stage, of the period. 
As the ages of the Tertiary period passed the geographical range of 
the genus became more restricted until, so for as we know, only a 
single spedes remained when the Recent period began. 

There is no oleariy marked difference in the position occupied 
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by the genus in the living garment of the Cretaceous earth ; it was 
very abundant as far back as the older Cretaceous floras. The 
chief difference is that as we descend from the Tertiary to older 
periods we find a gradual increase in the number of other genera 
of the Oinkgo family. Confining attention for the moment to 
Oinkgo, it is interesting to find in rocks corresponding in age to the 
sediments deposited in the great Wealden lake of southern England, 
northern France, Belgium and northern Germany leaves very similar 
in external characters to those of the Maidenhair tree. Such have 
been discovered in Lower Cretaceous strata in Alaska, western 
Greenland, Franz Josef Land, north-west Germany, northern France, 
and elsewhere. Fossils gathered from the sedimentary beds of the 
still more ancient Jurassic period at many localities in both hemi- 
spheres demonstrate an almost world-wide distribution of Oinkgo. 
Some of the leaves from the Jurassic rocks near Scarborough bear 
a striking resemblance in size, shape, and venation to the modem 
type of foliage and differ only in comparatively minor stractural 
characters. Without discussing precise correlation of plant-bearing 
beds within the long period embraced by the Jurassic system with 
its several sub-divisions, it can be said with confidence that Oinkgo 
had by that time reached its maximum in abundance and geo- 
graphical range. There were Oinkgo trees in Jurassic Australia, 
New Zealand, Afghanistan, Turkestan, Siberia, many parts of China, 
also in Japan and Korea. It grew in southern Russia, in Sardinia, 
and throughout Europe ; it had wandered as far west as Oregon 
on the Pacific coast. A few specimens from Jurassic rocks of India 
have been assigned to Oinkgo, but these are less satisfactory as 
records than those from other regions. It is noteworthy that 
neither Oinkgo nor any other member of the family has been found 
in the rich Jurassic flora described some years ago from Grahamland, 
which members of the recent Grahamland expedition have proved 
to be a peninsula of the Antarctic continent and not an island as 
previously supposed. The flora of Grahamland is exceptional 
among floras of the Jurassic age in the lack of any members of the 
Oinkgo group. 

Many floras have been described from Greenland, southern 
Sweden, Germany, Poland, Indo-China, South Africa, and Australia 
as Bhsstic in age : the rooks so called are intermediate in geological 
position between the Jurassic and the preceding Triassio period ; 
some correspond more closely with rooks of the lias stage at the 
base of the Jurassic ; some are closer in age to the upper members 
of the Triassio system. One of the oldest leaves, which it is per- 
missible to speak of as a species of Oinkgo, is from Bhtstic rooks in 
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southern Sweden : it agrees in the main with the modem leaves 
both in epidermal structure and in venation. Leaves apparently 
representing four species have been described from an Upper Triassic 
flora in South Afirica ; this is one of many indications of the abund- 
ance of trees having foliage constructed on the Oinkgo plan at a 
stage in the history of the earth when strange reptilian animals 
were the lords of creation. One of the South African species is 
almost identical in shape, size, and venation with leaves previously 
described from rocks of approximately the same age in Virginia. 
The leaves had a lamina partially divided into linear segments 
varying in size and reaching nearly one foot in breadth. The same 
species has been found in Upper Triassic rocks of Queensland. The 
exceptionally rich flora described in a series of remarkable papers 
by ftofessor Harris of Beading from material he collected, 1926-27, 
in the Sooresby Sound district (slightly north of lat. 70° N.) on the 
east coast of Greenland includes at least six species of Oinkgo. 
Some of the leaves bear a close resemblance to the Maidenhair 
foliage not only in shape and venation but in the occurrence of 
secretory sacs. One of the species is peculiar in having leaves 
dissected into four lobes with toothed upper margins, a very unusual 
character. It is certain that trees with various forms of leaf more 
or less similar in plan to those of the Maidenhair tree lived in the 
latter part of the Triassic period in South Africa, Argentina, Queens- 
land smd the northern hemisphere. It is important to remember 
that the name Oinkgo has been used in the foregoing account for 
some leaves which should, strictly speaking, be assigned to Oirik- 
goitea. This brief and incomplete review of fossil leaves of many 
ages and from many parts of the world is sufficient to justify the 
statement that the existing species is the last of a long line of prede- 
cessors reaching back to the latter part of the Triassic period, a stage 
in geological history at least one hundred and fifty million 3 ^ear 8 ago. 

Having followed the story so far it is natural to ask how much 
farther into the past has the history of Oinkgo been traced ? As- 
suming, as we do, that this generic type did not suddenly appear as 
a novelty in the plant kingdom, where did it come from and of what 
sort were its ancestors ? Such questions as these are ever present 
in the thoughts and speculations of the curious people who search 
for origins among the scanty and often illegible documents scattered 
through the rooks in the course of geological history. As we follow 
a group, a family, or a genus through the pile of sedimentary rooks 
we reach at length the earliest recoil, and though it may seem that 
the quest is ended, thwe always remains doubt and uncertainty 
whether the lack of still older foscdis may be dim to imperfection 



SOIBNOE FBOQBBSS 


432 

of the record. It was only in exceptional circumstances that samples 
from nature’s garden were preserved in the herbaria of the rocks; 
As we pass from rocks containing the most ancient fossils that can 
be regarded with confidence as undoubted allies of the Maidenhair 
tree to rooks older still, we discover fossil leaves which may or may 
not be the foliage of trees of the same lineage. Leaves from Permian 
and Carboniferous strata described under various names, Oink- 
gophyUum, PsygmophyUum and others, though similar in form to 
those of Oinkgo, do not afford definite evidence of real affinity. The 
most promising of the Palseozoic genera is known as Saportofa, 
called after a French palieobotanist, the late Marquis of Saporta, 
a genus founded on leaves first discovered in Permian rooks of 
Virginia and more recently in Central China : this genus may be 
allied to Ginkgo ; but that is as far as one can go. The ancestral 
stock may be recognised some day in the petrified litter of the coal 
period forests ; but as yet we can only guess whence the Ginkgo 
group came. We must for the present be content with the know- 
ledge that trees of the Ginkgo t3q)e had risen to prominence before 
the close of the Triassic period and continqed to flourish and occupy 
fresh territory in the course of the Jurassic period : they held their 
own in the Cretaceous period and in the earlier stages of the Tertiary 
era, but as the Quaternary age dawned comparatively few examples 
remained. 


Pabt II 

Other Members of the Ginkgo Family 

Each of the famiUes to which botanists have assigned the higher 
plants, both Angiosperms and Gymnosperms, usually contains 
several genera differing, it may be, widely in appearance and yet 
possessing certain features in common believed to be indicative of 
close relationship. It is generally agreed that such trees as Larches, 
Cedars, Firs, and Pines are all members of one family which in the 
comse of time have deviated in their several ways from some 
ancestral prototype. These genera are believed to be closely related 
one to another because they possess in common certidn features, 
especially those exhibited by the fertile shoots, which suggest descent 
from a single ancestral stock. In attempting to classify fossil 
plants on a basis of natural affinity we have in most instainoes to use 
vegetative characters alone ; and this is the method followed in 
the comparison of leaves of extinct plants with the foliage of recent 
species. There are very few families of plants represented in present- 
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day floras to which only a single genus is allotted. Oinkgo is one 
of the few living genera which has a family and indeed a whole 
group to itself. It stands alone with no near relatives : if nothing 
were known of its past history it would no doubt be regarded as 
an old type because of the possession of certain primitive traits. 
Search among the d6bris of forests embedded in the rocks has 
demonstrated that the genus was formerly one of several dis- 
tinguished by characters indicative of community of descent. In 
order to illustrate this aspect of the present historical enquiry it 
is necessary to devote a few pages to a sketch of the main results 
of palseobotanical research into the family history of Oinkgo without 
going into technical detail. 

The first genus to be considered is one known as Baiera : this 
name (after J. J. Baier, an early eighteenth-century German writer 
on fossils and minerals) was given as long ago as 1843 to leaves 
found near Bayreuth in Rhestic or Lower Jurassic rocks. In outline 
the leaves of Baiera are fan-shaped or triangular as in Oinkgo^ but 
the lamina is more deeply divided into linear segments, few or 
many in number. It is not always possible to draw a satisfactory 
line between Baiera and Oinkgo from the form of the lamina alone. 
The leaves of Oinkgo biloba and those of extinct species have a 
fairly long and well-defined stalk : in those assigned to Baiera the 
leaf-blade is attached directly to the branch by a narrow, tapered 
base and lacks a leaf-stalk. In a typical Baiera leaf the blade is 
out by deep V-shaped sinuses into narrow, linear lobes or segments, 
each of which is supplied with a few parallel and occasionally forked 
veins. Some species bore the leaves in tufts on very short shoots ; 
in others the leaves were attached singly as in the long shoots of 
Oinkgo. It may be that some Baieras had both long and short 
shoots. In the structure of its epidermal cells, including the 
stomatal apparatus, Baiera is near enough to Oinkgo to be included 
in the same family. No undoubted example of Baiera has been 
found either in Tertiary rooks or in those belonging to the later 
stages of the Cretaoeous period. A few species are recorded from 
the earlier Cretaceous beds, but some at least of these might xnaie 
appropriately be assigned to Oinkgo. The genus was abundantly 
represented in both Jurassic and Rhsetic floras and in many parts 
of the world, reaching, as far north as lat. 70^ N. in East Greenland. 
Some unusually large leaves have been desmbed from Upper 
Triassic beds in North America, South Africa, and Australia. The 
oldest leaves believed to be examples of the genus are from Permian 
rooks. There is no doubt that Baiera was a companion of Oinkgo 
m Jurassic and Triassic forests and had , a wide geographical rai]ge« 
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Its reproductive organs, so far as we know, conformed in essentials 
to the Ginkgo plan. 

Another genus is Oinkgodium, characterised by leaves similar 
in venation to those of Ginkgo but narrower and rather different 
in shape : leaves of this generic type are comparatively rare ; 
they were first described from Jurassic rocks in Japan nearly fifty 
years ago, and, later, recorded from Jurassic rocks in southern 
Russia. Nothing is known of the structure of Ginkgodium and 
for that reason the genus is of secondary importance. In 1913 
Dr. Hamshaw Thomas discovered a new type of fossil in a Jurassic 
plant-bed in western Yorkshire, to which he gave the generic name 
Eretmophyllum. The leaves, four or five inches in length, are in 
shape like a rather narrow-bladed paddle, hence the name, from 
the Greek word eretmon = oar or paddle. The lamina has several 
parallel veins and resin-sacs ; the structure of the superficial layer 
is consistent with close affinity to Ginkgo. Other examples of 
the genus are recorded from Jurassic rocks in southern Russia, 
Afghanistan, and Sardinia. Despite the lack of reproductive organs 
it is generally believed that the leaves known as Ginkgodium and 
EretmophyUum may be safely included in the Ginkgo group, 

We now come to some genera which differ more widely in form 
from those of the living Maidenhair tree but are confidently accepted 
as allies that have long been extinct. The name PhomicopM (from 
the Greek Phoinikeios = of the date or palm tree) is applied to 
leaves comparable in shape to pieces of ribbon a few inches long 
and varying from half an inch to rather more or less in breath ; 
the veins are approximately parallel and occasionally forked. A 
characteristic feature of this and certain other genera is the occur- 
rence of leaves in a crowded bunch on a very short shoot which 
is clasped and hidden by tiny overlapping scales : the scales pro- 
tected the shoot when it was a bud and as the bud expanded they 
persisted at the base of the leaf cluster. Phcenicopsis leaves have 
been described under several specific names and f^m many parts 
of the world ; Siberia, Afghanistan, Turkestan, China, Japan, Spits- 
bergen, southern Sweden, Greenland, numerous European localities, 
including Great Britain, and elsewhere. The genus was very widely 
spread in Jurassic floras and it was also a member of Rhsstio and 
early Cretaceous floras ; it probably existed as far back in the 
geological time-scale as the Permian period. It has been possible 
to investigate the epidermal structure of several species of Phosni- 
copsis and the facts thus obtained confirm the opinion of Oswald 
Heer, who in 1876 was the first pal^eobotanist to describe this old 
type of Gmkgoalean foliage. The very short branches, each bearing 
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a tuft of six or more graes-like leaves, may be compared on a small 
scale with the short shoots of the Maidenhair tree on which a cluster 
of stalked leaves is borne at the apex. There is, however, this 
difference : in Oinkgo the short branch persists from year to year 
and bears fresh leaves each season : in Phoemcopais the dwarf 
foliage-shoot was probably shed every autumn or after a year or 
two ; at all events, it bore only one set of leaves. Comparison 
may also be made with the dwarf shoots of Pines with two,’ three, 
or five needles ; the chief difference is that the leaves of Phomicopaia 
are broader and flat, and the structure of the epidermal layer is of 
another type. It has been customary to assign to this genus fossil 
leaves having a certain form and venation and borne in clusters, 
even though the material does not furnish any information on 
microscopical characters. Dr. Florin of Stockholm has recently 
described a number of leaves from Lower Cretaceous rocks associated 
with the basaltic lavas of the now treeless Franz Josef Land (lat. 
80° N.) which, owing to their exceptional preservation, it was 
possible to examine in detail and elucidate their anatomical struc- 
ture. He found that some leaves, though externally agreeing with 
Phcenicopaia, were sufficiently distinct in structure to be recognised 
as different genera.^ One of the new genera is StephenophyUum, 
named after Cape Stephen on the south coast of Franz Josef Land, 
where the specimens were discovered. Seven narrow, strap-like 
leaves are borne on a diminutive axis surroimded at the base of 
the dwarf shoot by persistent bud-scales. In appearance the foliage- 
shoot closely resembles a Phcenicopaia, but distinctive anatomical 
features are believed to justify the institution of a new generic 
name. Another genus, Windwardia, named after the ship Wind- 
uxtrd chartered by the Jackson-Harmsworth Expedition of 1896, 
whose members collected the material, bore dwarf, deciduous shoots 
each with five or seven hnear leaves about five inches long, dis- 
tinguished from those of other Ginkgoalean trees by the absence of 
secretory ducts and by a few other anatomical peculiarities. A 
third genus instituted by Florin is Culgotveria, a Scottish type, so 
called after Culgower in Sutherland, a locality from which a 
ooUection of Upper Jurassio plants, made by the late Dr. Marcus 
Gunn, was described by myself in 1911. Leaves that were 
originally assigned to Phcenicopaia on the ground of external 
resemblance have now been examined microscopically and found 
to differ in certain structural features from other members of the 
family. 

^ A short account of Dr. Florin’s admirable contribution was published 
in Vantn, May 1, 19ST. 
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Dr. Florin’s intensive study of the Franz Josef Land material 
led to the discovery of two more genera in this arctic flora, Spheno- 
bai&ra and Arctobaiera, both of which, as the names imply, are 
Himilftr in the external characters of the foliage to Baiem. Areto- 
baiera is characterised by deeply divided tongue-shaped leaves borne 
in a tuft and not singly ; Sphenobaiera, a genus founded on a piece 
of leaf, is distinguished by a greater degree of lobing : both show 
distinctive anatomical characters. Whether or not the Franz Josef 
Land leaves are all worthy of generic rather than specific status, 
it is clear from Dr. Florin’s careM and illuminating researches that 
they furnish convincing evidence of a greater range in structural 
details within the Oinkgo alliance than was previously suspected. 
The main point is that there were several trees in the Jurassic and 
early Cretaceous forests with foliage-shoots superficially very much 
alike, but differing one from another in certain external and internal 
features ; all agree more closely with Oinkgo than with any other 
living plant. It is noteworthy that Florin’s genus Sphenobaiera has 
been recognised by Professor Harris as one of several members of 
the Ginkgoalean group in the Lower Jurassic-Rhsetic flora of East 
Greenland. 

Reference has already been made to the amazingly rich flora 
first discovered by Dr. Hartz of Copenhagen in Rluetic strata at 
Scoresby Sound in East Greenland and more recently investigated 
with great thoroughness by Professor Harris, who collected a large 
amount of new material. The flora included many representatives 
of the Oinkgo family, new species of genera previously recorded 
from other regions and, in addition, a new type to which the name 
Hartzia has been given. This genus, like many of the others, bore 
its long and relatively narrow leaves in groups on dwarf shoots, 
but the lamina of each leaf had a forked tip. The stomata differ 
in arrangement and structure from those of Phaenkopeia. 

ToreUia. — ^This generic name, after Professor Torell, a geologist, 
was given nearly sixty years ago to leaves discovered by Captain 
Feilden, a member of the Alert and Diecovery arctic expedition 
(1876-76) in early Tertiary rocks in Griimell Land (81® 46') and 
subsequently recorded from Spitsbergen. The leaves of TouXUa 
may be compared with broad and stiff blades of grass.two or three 
inches long, furnished with several parallel veins, tepering to a 
narrow base and rounded at the tip. In some forms the blade is 
sickle-shaped. ToreJUa has since been found in Cretaceous rooks of 
Ussuriland in eastern Siberia. The genus was in existence as long 
ago as the Rhsstic period in the forests of East Greenland. It is 
noteworthy that Dr. Florin, aftor examining the structure of TortUia 
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leaves firom Spitsbergen, decided to remove them to a new genus, 
Paeudotordlia, because of certain distinctive characters. 

Czekcmomkia . — ^In 1876 Professor Heer of Zurich described some 
very narrow, almost hair-like leaves from Jurassic rocks in Siberia, 
which he named Czekanomkia, after the geologist Czekanowski, and 
referred to the Oinkgo family. Data subsequently obtained con- 
firm Heer’s estimate of affinity. The leaves were attached to a 
very short, scale-covered axis and borne in a cluster, resembling 
the bunch of leaves of a five-needled Pine : each leaf has two or 
more veins forked once or more. Several species of Czekammiskia 
are known from Jurassic rocks in arctic regions, Europe, and Asia. 
In epidermal characters the leaves conform more closely to the 
pattern than to that of any other smviving Gymnosperm. 

Nothing has been written in this article on seeds or other repro- 
ductive organs associated with Ginkgoalean leaves in widely scat- 
tered parts of the world and in rocks of many ages : this is not 
because they are unimportant ; they are of the greatest value to 
the paleoobotanist. The reason is that it is seldom possible to 
connect together leaves and reproductive organs, owing to the fact 
that they are preserved in the sediments of estuaries and lakes as 
separate scraps which fell from the parent trees and were carried 
by rivers to their resting-place. It is, however, important to note 
that the remains of such reproductive organs as it has been possible 
to examine with any degree of thoroughness, furnish valuable data 
supplementary to evidence of affinity obtained from foliage-shoots. 

The Wobld-widb Wakdkrino of Owkqo and ns Alues 

A survey of the voluminous publications in which are recorded 
discoveries of fossil plants teferr^ on good evidence to the Oinkgo 
alliance demonstrates the extraordinary vitality and resiliency of 
the genera and their success as travellers over wide spaces. It 
would extend this sketch far beyond reasonable limits were reference 
made to all species and the places where they have been found. 
It is also impossible in a general siunmary to make comparison of the 
distributional areas of the several genera. The black dots on the 
map (Fig. 1) indicate localities where members of the family have 
been found in rodks ranging from Trisssic to the end of the Ter- 
tiary period. l!1iongh by no means a complete record, the map 
serves to illustrate the light thrown by paleeobotanical data on the 
wanderings of these Ginkgoalean trees never seen in life by man 
and known only as fri^ptnents preserved in the rooks. The tenacity 
with which a single member of this once vigorous group held on 
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to life through the ages has enabled us to read the story of its 
ancestry. 



Fio. 1. — ^Map of the distribution of Oinkgo and allied genera in former periods 
of geological history. The area within which Oinkgo may still exist as a wild tree 
is shown by the circle below 30*^ N. lat. on the eastern ed]^ of China. The records 
on which the map is based are from the Triaasio to the Quaternary period. 


CONOLTJSION 

In the foregoing pages my purpose has been to present the 
more important results of research into the history of the Oinkgo 
family. Oinkgo biloba, the Maidenhair tree, is worthy of special 
regard as one of the most impressive examples in the plant king- 
dom of a link with remote ages and as the sole representative in 
the modem world of a family, which millions of years ago occupied 
as prominent a place in the vegetation of the world as that now 
held by the oaks and other familiar forest trees included in the 
oak family. Omitting any fiirther reference to the Falssozoio fos- 
sils, mentioned on a previous page as possible though doubtful 
members of the Ginkgoalean stock, the main historical conclusions 
may be summarised as follows (see Fig. 2.) 

As the Tnassic period drew to its close more than one hundred 
and fifty million years ago, the surface of the earth bore little or 
no resemblance to that with which we are familiar. At that stage 
in geological history and during many noillion years that followed 
the distribution of land and water, mountains, valleys, and plains, 
animal and plant communities, and climatic conditions reflected in 
their gradual transformation the cycles of physical and organic 
evolution. Even in the IMassie period there were a few plants 
foreshadowing more or leas clearly trews that are still living. Con- 
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spiouous in this small company were representatives of the Gink- 
goalean family, notably Baiera and Oinkgo. Passing upwards to 
the Jurassic period we find other genera added to the growing 
family, genera which established themselves over a vast extent of 
territory both north and south of the equator. It was at this 

T R J TftS, 

Qinkgo 

Baiera 
Qmhgodiuaxi 
Enttnophylkm 
TorelllcL 1 
PseudctoreJUa j 
Phomkapsis 
Czekinowdda 
Hattzia 
Culgoaeria 
Sttfimiophyllum 
WmdoKurdia 
Sphenobaiera 
Arctobakva 


180 million year 


Man appeared! million years afp- 

Fxg. 2. — Diagram illuBtrating tho approximate distribution in time of genera of 
the Ginkgoales. 

P Q — R »• Permian, Triassfo, Ehatlc, JitraMlo, Cretaoeous, Tertiary, Quaternary and Recent 
periods. The relative antiquity at the Ginkgoales and tho human race Is Indicated by the black time- 
leale. According to the late Pmeesor KlUot Smith (Human HUtory) man ’* must have iieen alive during 
the PUooene stage." Profbeior A. Holmes (The Ag$ $f Ms Karih) gives the date of the Trlaselo period as 
180 mtUlon years. The name CUnkyo is used in a wide sense, including some species which should be 
assiimed to uinkoaiUt. It la important to note that the genera SUphmmhyUum and others shown In the 
Table as Xiower Cretaoeous were founded on exceptionally well*preservea fossils from Frans Josef lAnd : 
in all probability, were equally good material available from other places, they would be found to have 
had a much greater range in time and in space. The diagram is not drawn to scale except that the Rhsstio 
period, tranmonal between the Trlasiic and Jurassic, is shown as a shorter phase of geological history. 

stage in the history of the earth that Oinkgo, Baiera, Phoenicopais, 
Ceekanowakia and other genera reached their greatest development 
as measured by the number of species and geographical range. As 
the Jurassic period merged into the Cretaceous the balance of nature 
was not seriously disturbed : many genera survived the change. 
But the Ginkgoalean race had passed its zenith. There followed 
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a much more drastic physical revolution when the Cretaceous sea, 
in which the material of our chalk downs was made from the cal- 
careous skeletons of marine creatures, flooded vast continental areas 
— a revolution which had a far-reaching effect upon contemporary 
life. 

When the floor of the Cretaceous sea had been raised into land 
and the calcareous ooze of the ocean was converted into hills of 
chalk, the plant-world assumed a much more modem aspect. In 
the Tertiary floras preserved in sedimentary deposits of post- 
Cretaceous age Oinkgo was almost, though not quite, the sole sur- 
vivor of the family ; it was still a vigorous and widely dispersed 
tree in American, Arctic, European, and Asiatic forests. Even as 
late as the last, or Pliocene, stage of the Tertiary period Oinkgo 
still lingered on in Europe. It is probable that the genus was 
unable to endure the severe arctic conditions which swept over an 
enormous area in the Old and the New World when the genial 
climate of the Tertiary age was followed by a glacial phase. Oinkgo 
lived on in the Quaternary period, the sole relic of a race threatened 
with extinction. Driven hither and thither by adverse circum- 
stances, this symbol of departed glory eventually found a refuge 
in the Ear East. It was not until the family had been reduced 
to a few species and a single genus that man came into the world, 
and in a later stage of his development assisted nature by his care 
of one of her oldest treasures. 

Oinkgo has for centuries appealed to the imagination of the 
Oriental mind : the tree with leaves like golden Ducks’ feet became 
an object of veneration ; a legacy, it might be, from a golden age 
and as such possessing miraculous power. We, despite our more 
matter-of-fact western outlook, pay homage to the sacred tree of 
the East because its story, written in the sands of time, gives us 
a vision of enduring life. The Maidenhair tree appeals to the 
historic soul : we see it as an emblem of changelessness, a heritage 
from worlds of an age too remote for our human intelligence to 
grasp, a tree which has in its keeping 


“ The secrets of the immeasurable past.” 



AIR RESISTANCE 

AND ITS EFFECT ON AEROPLANE SPEEDS 
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Kennedy Profmar of Knurineering in the Vniwnity of lAmdon, UnivereUy CoUege, 

To the casual observer, all modem aeroplanes look alike. Large 
aeroplanes appear to be just small ones scaled up ; closer examina- 
tion reveals the presence of two or four engines projecting in front 
of the wings on the larger types, but it is undoubtedly true to say 
that at the moment the external shape of new types of aeroplane 
is becoming stabilised ; it takes the form of a single wing, tapered 
towards the tips, running through a well -streamlined body, at the 
rear end of which a horizontal and a vertical surface is mounted 
like the feathers of an arrow. No means of making contact with 
the earth are visible, unless we are looking at a seaplane, where, 
again to the casual observer, a small float under each wing is the 
only apparent indication that the designer has remembered that 
all flights have a beginning and an end. 

Twenty years ago, during the Great War, we saw a far wider 
diversity of design ; there were aeroplanes with one plane, and with 
two, three and even four planes one above the other ; there were 
propellers pushing behind, or those pulling in front ; there were 
under-carriages with two, three and four wheels ; there were thin and 
thick wings, while the methods of construction were, as might be 
expected in such varying designs, somewhat startling to an 
“ orthodox ” engineer. 

This change from variety towards a common standard is to be 
observed particularly in mechanical devices ; the motor-car, for 
instance, has passed through these stages in the lifetime of many 
of us, and it is worth while studying those forces which bring about 
this “ stabilisation " of design. My own feeling is that in nearly 
all oases it would be right to say that a truer understanding of the 
nature of the problem in design is the main factor which curbs the 
wilder flights of imagination of the designer. In the design of 
aeroplanes, I should say that a clearer understanding of the nature 
of air lesktuioe has bem that main factor making for stabilisation. 

441 
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Lanchester in England formulated the theory connecting the 
lift required to maintain flight and the drag, or resistanoe to for- 
ward motion, necessarily associated with it. This drag is now known 
as ‘‘ induced drag.” For many years nobody in England took his 
work seriously, but Prandtl in Germany developed the theory, and 
some twelve years ago designers began to make use of it. Then in 
1929 Jones of Cambridge, in a remarkable paper before the Royal 
Aeronautical Society, pointed out very clearly how the drag of an 
aeroplane should be subdivided, making it plain that just as there 
must be drag necessarily associated with lift, so there must be more 
drag, called skin friction,*’ necessarily associated with the total 
“ wetted area ** of the aeroplane, that is the area of all the surfaces 
exposed to the air flow. Further than this he emphasised that 
this “ necessary ’* drag formed but a small part of the drag of the 
best designs of that time, and that the bulk of the drag was due 
to imperfect design from the point of view of producing a stream- 
line shape. 

Designers at this time were not unaware of this, since their 
tests of models in wind tunnels showed them that the drag of the 
whole model was several times greater than that of the wing above ; 
the reason for this was, of course, the presence of such things as 
windscreens and cylinders exposed for cooling, which gave rise to 
large eddies and high drag. Comparison with Jones’s ideal “ stream- 
line aeroplane ** which had no drag other than “ induced ” and 
“ skin friction ** seems to have provided a great part of that stimulus 
which has produced such astounding results in so short a time. 

Of course, other factors of importance must not be overlooked. 
Just as the improvement of the quality of rubber has had a far- 
reaching effect on the popularity of the motor-car, so in aeronautics 
we have seen the successful advent of higher wing loadings made 
possible by more reliable engines, and high lift devices to compensate 
for reduced wing area ; while improved lateral stability at slow 
speeds and the controllable pitch propeller have played their parts. 

Returning to the analysis of drag, it may seem curious to say 
that induced drag and skin friction drag are the only unavoidable 
retarding forces. Leaving for the moment the question of keeping 
the engine cool, which ordinarily costs something in drag, surely 
the bulkiness of the body or wing, as seen in front view, must 
have some adverse effect ? 

In a perfect fluid, t.s. one where the viscosity is zero, there 
would be no drag due to the bulk, or form, of the object pushing 
the fluid out of its way. Thinking for the moment of an airship 
shape, let us follow the air as it passes near the surface ; firsts 
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the stream separates as it meets the body and is bent outwards, 
then it starts to oorve the other way and along most of the length 
of the shape it is following the curvature, t.e. bending inwards, 
and lastly near the tail it must stop converging and bend the other 
way into a straight path in the general direction of motion. Each 
of these three stages is associated with appropriate normal pres- 
sures on the body, t.e. positive pressure on nose and tail where the 



Fio, 1. — ^Preoaure distribution and streamlines for airship shape. 

Kaglons of Poiltive PreMore O — A and B — d, utreamllnDB bonding from oentre Une. 
Hegloiui of Negative Pressure A’-'B. streamlines bending towards centre Hue. 


streams are curving away from the centre, and negative pressure 
or suction over most of the surface where the stream is curving 
back towards the centre. Now the longitudinal components of all 
these pressures are directed some forwards and some aft, and it is 
not difficult to appreciate that a condition of balance is possible, 
with all forward components cancelling all backward components, 
and in a perfect fluid, this balance would be achieved. 

Air does, however, behave very nearly like a perfect fluid when 



Fxq. 2. — ^Example of uize and effect of boundary layer round wing section. 

Grey shMllng Indioaiet boundary layer ; black area Indloatea eflfeetlvo wing shape ; flow in 
perfect fluid round this shape is the same as flow of air round actual section. 


it flows past well-shaped bodies or wings ; the essential difference 
is that it does stick to the surface in a thin layer, which constantly 
increases in thickness from front to rear, and the presence of this 
layer, called the “ boimdary layer ” does slightly modify the stream- 
lines and therefore the pressures and suctions on the body ; the 
result is that their components fore and aft do not exactly balance, 
and th^ is what is called a “ form drag,” but this is small com- 
pared with the skin friction. The thickness of this boundary layer 
varies with size and speed, and to give an example, the layer is 
about 1 inch thick at a point 6 feet behind the leading edge of a 
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wing travelling at 200 m.p.h. Inside the point 1 inch &x>ni the 
surface, the velocity begins to fall off, gradually at first, and then 
with increasing rapidity as the surface is approached. 

The power required to drive the wing forwards through the air 
appears as energy continuously imparted to this boundary layer, 
or “ wake ” as it is called behind the wing. The kinetic energy 
of the wake can be quite easily measured, not only in the wind 
tunnel, but in flight, by a series of Pitot tubes, and much valuable 
information has recently been gained from these flight measure- 
ments, from which can be calculated the actual drag arising from 
that part of the wing immediately in front of the measuring 
apparatus. 

In this way it has become possible to measure relatively easily 
and accurately not only such major effects as those of wing thick- 
ness, but also the differences produced by different degrees of 
smoothness of the surface, as, for example, the difference between 
a fabric surface and a highly polished cellulosed surface, or the 
effect of rivet-heads projecting slightly from a metal skin covering 
of the wing. 

The accurate analysis of drag measmement, partieularly on 
wings, is of the greatest value in throwing light on the difficult 
subject of “ scale effect.” It is obviously outside the scope of this 
article to give any full explanation of the phenomena encountered, 
but it may be said broadly that the behaviour of the boundary 
layer determines the drag, and at this stage we may examine the 
nature of the boundary layer rather more closely. 

Considering for simplicity two-dimensional flow round a wing 
section, i.e. imagining all the movement of the air to take place 
in a vertical plane, parallel to the direction of motion, there is one 
streamline which hits the wing near its nose, and a particle of air 
coming along this streamline is supposed to be brought to rest on 
the wing at a point called the “ stagnation-point.” Air in stream- 
lines below this passes below the wing, and above this passes over 
the top surface. Now the particles of air actually touching the 
wing stick on to it ; in other words, there is no slip over the wing 
surface. Immediately adjacent to this layer of stationary particles 
is a layer, or lamina, of slowly moving particles, and it is of course 
the shearing action between these adjacent layers which produces 
the tangential force on the wing surface which we call skin friction. 
Outside the slowly-moving lamina, there is another moving a little 
faster, and so on until the full speed of the stream is reached. 
There is, of course, no exact outer edge to the bounduy layer, whi(ffi 
sometimes is arbitrarily taken to include that part of the stream 
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which is moving at less than 99 per cent, of the free stream speed 
at the point considered. 

If the above description of the boundary layer were complete, 
things would be relatively simple, but there are two regimes for 
the flow, with very difierent associated drags. Near the nose of 
the wing there is no mixing between adjacent laminee of air, each 
lamina sliding over its neighbour ; this tjrpe of motion is stable, 
and is described as “ laminar flow.” The whole boundary layer 
increases in thickness as it travels back from the stagnation-point, 
but after travelling a certain distance, depending on speed, in- 
stability sets in and, except very close to the surface, particles of 
air from one layer find their way into another layer. When this 
lateral motion of particles is established, the boundary layer is said 
to be “ turbulent,” and a much higher drag is then found to exist, 
associated with much thicker boundary layer, and a high rate of 
shear in the very thin laminar “ sub-layer.” The point of change- 
over from laminar flow to turbulent flow is called the transition- 
point, and because the drag due to the turbulent flow is something 
like ten times as high as that due to the laminar flow, the exact 
position of the transition-point is of fundamental imiwrtance when 
studying the drag of a wing. 

^latively little is yet known as to what factors determine the 
position of the transition-point, and active research is in train to 
reach an understanding of these factors. One of the factors is the 
pressure gradient along the wing profile from front to back ; if 
the shape of the wing is such that the suction on the top surface 
is falling rapidly as you go back from the leading edge, i.e. a posi- 
tive pressiue gradient, then the instability sets in earlier ; Prandtl’s 
experiments carried out some years ago illustrated this clearly, but 
all we can say now is that this in itself does not account for the 
observed changes in the position of the transition-point. 

The steadiness of the air passing over the wing will have an 
influence on the position of the transition-point, and here we have 
an explanation of difference of drag which have been measured on 
one wing in various wind ttmnels under what were believed until 
recently to be identioal conditions. The air in a wind tunnel is 
maintained in motion by a propeller, and passed through honey- 
combs and guide blades to turn it round the comers of the tunnel ; 
when passing through the testing section, the eddies produced by 
the propeller, etc., still persist to a small degree in the form of a 
genial turbulence, that is motion which has not a perfectly con- 
stant velocity, or constant direction. Each wind tunnel has its 
own peculiar characteristics, and although these iiregularities were 
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in the past considered so small as to produce a force on a body 
which, taken over a certain time, did give a true average, the eflFect 
on transition-point position, with its resultant effect on drag, has 
only recently been appreciated. Many hitherto unexplained dis- 
crepancies are now seen to arise from ^fferences in turbulence not 
only between different wind tunnels, but between these and the 
full scale, when in the open air the turbulence which does exist 
is believed to be on too large a scale to affect the transition-point. 

Thinking what might be done with this new knowledge, can 
we devise wing sections of lower drag by getting the transition- 
point to move further back from the lea^ng edge ? If the tran- 
sition-point on the top surface could be persuaded to move back 
from its ordinary position of somewhere in the region of one-third 
of the chord measured back from the leading edge right to the 
trailing edge, allowing all the flow over the top of the wing to 
become laminar, the drag would be reduced by about half. On 
the bottom surface, the transition-point is quite near the leading 
edge, and if this could be brought right back, the drag would be 
reduced by another 40 per cent. Thus the total drag on a wing 
with laminar flow would be only about one-tenth of its present 
figure. Is there any way of achieving this, or is the presence of 
turbulent flow fundamental ? Can the boundary layer be sucked 
away through holes in the surface right into the inside of the wing ? 
Truly, a fascinating problem. 

Coming back to the kind of improvements which are within 
easier reach, it is worth while considering for a moment the ques- 
tion of roughness of surface ; how smooth must a surface be to 
achieve a minimum drag ? As far as we know now, it is not pos- 
sible to make the surface of a wing, or body, so smooth that the 
air will slip over it without sticking ; as stated earlier, we do not 
know how to remove the stationary layer of air always clinging to 
the surface ; as we leave the surface, the velocity gradient, together 
with the viscosity, produces the tangential force, or drag. In the 
region of turbulent flow, which as we have seen covers most of the 
wing surface, the velocity gradient in the viscous sub-layer is steep ; 
on a wing travelling at, say, 200 m.p.h. the sub-layer several feet 
behind the leading edge is only about one-thousandth of an inch 
thick, and in this thousandth of an inch the velocity has risen from 
zero at the surface to about 100 m.p.h., which gives a very high 
rate of shear. Irregularities on the surface which do not project 
through the viscous sub-layer do not appear to have any adverse 
effect on drag ; their disturbance of the flow is damped out, but 
once they begin to project into the turbulent boundary layer. 
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additional eddying is set up, with a consequent increase in drag. 
It will thus be clear that it is more important to keep the surface 
smooth where the boundary layer is thin, that is towards the 
leading edge. 

It is at first sight rather surprising that the faster a wing is 
pushed through the air, the thinner is the boundary layer; it 
would seem the higher resistance at the higher speed would entail 
a larger wake. Actually, the width of the wake varies inversely 
as the speed, but of course the disturbance is much more violent ; 
also the narrow wake fits in with a high rate of shear of the fluid 
near the surface, which produces the high resistance. It is clear, 
therefore, from this that it is more important to secure great smooth- 
ness of surface at high speeds ; irregularities or lumps on the sur- 
face which would be wholly within the viscous sub-layer at low 
speeds will project through this layer into the faster-moving air at 
high speeds, and affect the resistance adversely. 

Apart from what may be called the direct effect of roughness 
on drag, there is the indirect effect produced by roughness near 
the leading edge ; if this is on that part of the wing where the 
flow is laminar, it may easily have the effect of promoting turbulence, 
in other words, bringing the transition-point forwards. An example 
recently given by Jones was observed during measurements of the 
transition-point on a wing in flight ; a ridge only two-thousandths 
of an inch thick near the leading edge brought the transition-point 
several inches forward, with a consequential increase of drag of 
several per cent. This test was done at quite a moderate speed, 
and it shows how vitally important it is to get real smoothness 
near the leading edge for high-speed flying. 

These great refinements of surface have only come into the 
picture as the aeroplane as a whole has approached a really stream- 
line shape. A few 3rear8 ago the open pilot’s cockpit, the exposed 
tmdercarriage, and the engine cooling system might be likened to 
camels for resistance ; what was the point of straining to eliminate 

gnathke roughnesses while the camels were there ? With speeds 
going up to 260 and 300 m.p.h. the open cockpit automatically 
disappeared ; the pilot was unable to attend to his duties in the 
draughts produced by such speeds. The undercarriages were for 
long a stumbling-block, but it was purely an exercise in mechanical 
engineering, though admittedly a very difficult one, to arrange for 
them to be retra^able so that they could stow themselves away 
inside the fairing in flight, just as a seagull’s legs are withdrawn 
under its feathers. The complication, the extra weight, and the 
slight degnt of uncertainty as to whether the wheels would really 
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be down when you wanted to land all had to be faced ; but the 
result is that nowadays all high-speed aeroplanes have retractable 
undercarriages, in spite of all the drawbacks. 

Turning now to engine cooling, we find here that not only has 
it been possible to reduce the drag to something very small, but 
theory has shown that it is quite possible to design a cooling system 
which actually has a negative drag, provided the speed is high 
enough. 

There are, of course, two alternative systems of cooling an aero 
engine in flight ; the simplest is the air-cooling system in which 
heat is removed direct from the cylinders where it is generated by 
a flow of air passing through fins formed on the outside of the 
cylinders themselves. The other system is to surround the cylinders 
by a jacket containing water, which absorbs the heat, and is pumped 
away to a honeycomb radiator mounted in any convenient place 
on the aeroplane. The air-cooled cylinder normally runs hotter 
than a water-cooled one, and thus tWe is no real need to main- 
tain a cylinder temperature below that of boiling water. As an 
alternative to water, a liquid with a higher boiling-point, such as 
ethylene glycol, has been successfully used ; another method is to 
allow the water round the cylinders to boil, and to carry the steam 
off and condense it in a honeycomb which looks exactly like a 
normal water radiator. The object of working at a higher tem- 
perature is that the radiator, or condenser, may then be smaller, 
and will consequently offer less resistance to the air. 

Whichever method is used, a fundamental difficulty when con- 
templating high speeds is met, namely that while the cooling power 
of the fins or radiator goes up rather less rapidly than the speed, 
the resistance, or drag, goes up as the square of the speed. This 
was regarded by many people as one of the really serious obstacles 
to high speeds, which essentially call for large engine powers, that 
is, the dissipation of large quantities of heat by the cooling system. 

In the last few years, however, what is known as “ ducted 
cooling ” has made its appearance, and the fundamental prinoipleB 
of this are well understood. It is clear from the above aigument 
that it is economical to use air which is moving slowly ; more of 
it is required, but there is of course no shortage. In order to use 
slow-moving air, the engine, if air-cooling is used, or the radiator 
with liquid cooling, is installed in a duct consisting of both an inlet 
portion with the inlet mouth facing the relative wind, and an out- 
let portion with the exhaust orifice facing backwards. The air 
entermg the inlet is slowed down, and its pressure rises ; the more 
of this slowing down which can be accomplished before the air 
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actually enters the mouth the better, as it is done without loss of 
energy due to duct-wall friction. Then the slow-moving air is 
passed over the cylinders or through the honeycomb and carries 
off the heat required. It is now speeded up through a contracting 
passage, the pressure falls as the velocity rises, and the air finally 
fiows through the outlet orifice to join the main stream of air with- 
out shock. In the very high-speed aeroplanes which are now being 
designed, it is found possible to slow the air down as it passes 
through the honeycomb to quite a small fraction of the aeroplane’s 
forward speed. 

By slowing the air down, we see that it is possible to reduce 
the resistance to flow over the cylinders, or through the honey- 
comb, but some resistance is still encountered, and the walls of 



Fig. 3. — Soction through ducted radiation Bystem. 


the duct are not without friction either. How then can we get 
negative drag ? 

The explanation is quite simple. The ducted cooling system is, 
if we look at it closely, in fact a heat engine. The entering air is 
first compressed as it is slowed down, heat is added at the point 
of high pressure, and the hot air is expanded ; the cycle is that 
of an internal combustion engine, with the heat added at constant 
pressure. Of course the “ compression ratio ” of the cycle is very 
low ; at 300 m.p.h. it is only about 1-1 ; 1 as compared with, say, 
6 : 1 in a normal petrol engine. Thus although the overall efficiency 
when considered as a heat engine is very low, there is at speeds in 
the region of 300 m.p.h. enough energy converted to balance 
approximately the fnction losses in the whole system. It must be 
remembered that the total energy carried away per second by the 
cooling air is quite a large fraction of the useful output of the 
engine, and therefore a very low efficiency of conversion by the 
ducted cooling system will produce useful power comparable in size 

o a 
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with the losses due to the friction in the cooling system, which them* 
selves represent but a small fraction of the total engine power. 

As speeds go up, the regenerative effect will become greater, 
since the compression ratio increases nearly as the square of the 
speed ; looked at another way, the cooling system may be said 
to act as a kind of jet propulsion, very inefficient as all jets are at 
low speed, but of increasing value as really high speeds ore attained. 

It is interesting to consider exactly how the propulsive force 
from this system is actually applied to the aeroplane. As explained 
above, the air is slowed up in the expanding duct as it enters the 
system with consequent rise of pressure ; the forward components 
of this pressure on the inclined walls of the expanding duct provide 
a forward force. Although the opposite effect takes place after 
the heat has been added, the inclinations of the walls of the outlet 
part of the duct are less, and therefore the backward components 
of the pressures are less, because the contraction of the duct to 
produce an outlet speed equal to the inlet may be reduced on 
account of the heating of the air increasing its volume and thus 
its velocity. 

We cannot leave a discussion of air resistance without a glance 
forward to the future. What obstacles must be overcome before 
we can fly at, say, one or two thousand miles an hour ? Unfor- 
tunately there is sometliing ahead of us over and above the normal 
increase of resistance according to the speed squared law. As we 
approach the speed of sound in air, some 700 m.p.h., we are forced 
to take account of the compressibility of the air, which at, say, 
half the speed of sound, is negligible. A very crude way of putting 
the fundamental difference between the air flow at present aero- 
plane speeds and supersonic speeds is to say that at low speeds, 
the wing (or body) can send out a message in front of it ; the air 
some way ahead begins to move and prepares itself for the smooth 
passage of the wing ; on the other hand, at supersonic speeds, no 
such message can be sent ahead of the wing, since the speed of 
sound is the maximum speed at which such a message can be sent ; 
thus the air cannot prepare itself, and what is called a shook wave 
is set up as the wing travels along. 

Just as the bow wave of a fast ship streams back and out from 
the bow, and continually breaks and dissipates its energy ultimately 
as heat, so the shock wave streams back from the nose of the wing 
at supersonic speed with continual dissipation of energy across its 
surface. The fundamental difference between a shock wave and 
a normal change of pressure is that in the latter we have adiabatic 
compression with the heat energy conserved, while behind the face 
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of a shook wave there is a sudden increase of pressure and tem- 
perature, and the layer in which this change takes place is so thin, 
being of the order of a thousandth of a millimetre, that heat is 
conducted across the boundary. 

The result of this is that the rate of dissipation of energy, which 
is the same thing as saying the power required for propulsion, in- 
creases something like ten times or more when this shock wave is 
fully established. 



Fio. 4. — Shook waves produced by bullet at 1000 in.p.h. 


It might be agreed at this stage that aeroplane speeds have a 
long way to go from the best at present, i.e. some 440 m.p.h., 
till we get to the speed of sound, but unfortunately shook waves 
are always set up before we are travelling as fast as sound. To 
appreciate this we must go back to the description given earlier 
of the pressure distribution over a streamline body, where we saw 
that there was a region of ]X)sitive pressure over the nose, and 
suction over most of the middle of the body. Now increases of 
pressure are associated with lower velocities, and thus the air 
moving over the nose is travelling slower than the speed of flight ; 
on the other hand, in the suction region, the local velocity is higher 
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than the speed of flight, and excess speeds of 30 per cent, over 
part of the surface of a wing are of normal occurrence. 

Thus when we are flying at three-quarters of the speed of sound, 
say just over 600 m.p.h., the local velocity near the middle of a 
streamline body or wing may well be equal to that of sound, and 
a small shock wave will be formed at that point. In order to 
postpone the formation of this kind of wave, it is clear that we 
should try to use those streamline shapes which produce only small 
increases of local velocity. We have seen that the velocity changes 
are always linked up with pressure changes, and these in turn 
are linked up with the curvature of the streamlines. Thus we 
want shapes with small curvature, that is thin shapes, and experi- 
ments show that for high speeds thin shapes do in fact postpone 
the onset of the shock wave. 

Thin shapes are bad from the structural point of view, parti- 
cularly when we require the greatest possible rigidity, and diflicult 
as it is at present to harmonise the conflicting requirements of 
design, over-increasing difficulties confront the aeronautical engineer 
as he seeks for higher and higher speed. 

An interesting example of an unexpected difficulty is found 
in the heating effect arising from the air friction over the surface 
of wing or body. At 100 m.p.h. the rise of surface temperature 
is only 1° C., but the rise increases as the square of the speed, and 
at 700 m.p.h. it is 60° C. Although a certain rise may be advan- 
tageous, especially when flying high in a cold atmosphere, it would 
obviously be necessary to cool the occupants of a really high-speed 
aeroplane. 

Shall we ever be able to reach the speed of sound, and fly even 
faster ^ There is no sign at present that with any power plant 
in sight, or with any improved structural materials in sight, we 
can hope to surmount this barrier, but when we look back, it is 
only just over thirty years since the Wright brothers managed to 
get their first power-driven aeroplane into the air at all. What 
did men say at that time of the probable speed of flight in 1988 ? 
The one scientific prophecy which is really dangerous is the negative 
one, and I think we should bear that in mind when we say that 
at the present time we cannot see any way of overcoming the 
enormously increased resistances generated by the formation of 
shook waves when approaching the speed of sound. 
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Modern agricultural research covers an exceedingly wide field 
of endeavour ; indeed there are but few of the sciences that may 
not have something to contribute to the solution of the problems 
that come under the purview of the worker in its sphere. The 
ultimate aim of agricultural research, by the very nature of the 
case, presumably is, or at least ought to be, to contribute directly 
to the welfare of mankind. This does not mean that agricultural 
research is necessarily debarred from adding to the sura of know- 
ledge that constitutes the stock-in-trade of any particular science. 
The implied duty of the research worker in this field is, however, 
to seek for new knowledge in direct relationship to some urgent 
problem of agriculture ; furthermore, it is both a necessary and a 
creditable endeavour for the worker to employ scientific and research 
methods with a view to ascertaining the best means of rendering 
already existing scientific knowledge of maximum utility in the 
interest of food production. 

The amount of high-class and intricate research that must be 
undertaken with ultra-practical aims in view is probably far greater 
than is fully realized by either the research workers themselves 
or by those who administer research funds. This is realised 
far more fully by the farmer who, as a matter of fact, is always 
posing difficult conundrums to the scientist-conundrums, be- 
cause of the soil and of agriculture, so difficult that it is seldom 
within the competency of a single specialist (the botanist, the 
chemist or the veterinarian) adequately to answer, or, in the majority 
of instances, to formulate a line of research most likely to lead 
to the correct and practical solution. 

The difference between pure science and applied science is in 
essence this. The problems of applied science are always pre- 
defined and are pre-defined with a practical and in the last resort 
with a sodological, end in view. Ideally every problem which 

463 
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engages the attention of the applied scientist should be one that 
because unsolved or insufficiently solved stands in the way of the 
betterment of the human race, stands in the way of mankind’s 
health, happiness and purposefulness. The problems of pure science 
need not necessarily be pre-defined, and the worker in pure science 
is at liberty to follow any hare that crosses his path. He is deemed 
a good scientist so long only as he contributes to the sum of know* 
ledge, and this in no matter how narrow a field. Not so the worthy 
applied scientist ; he must adhere rigidly and undauntedly to his 
pre-defined problem. The applied scientist, in short, has a far 
more difficult role to fill than has the pure scientist, and of the 
two it is the former who needs to place himself under the greater 
self-discipline and who, as will transpire presently, needs to be 
capable of the greater self-effacement. 

The problems of agriculture to a greater extent probably than 
of any other applied science are of an omnibus nature — ^in the 
sense that they are seldom within the province of any one depart- 
ment of science fully to solve. Every year that goes by tends 
further to emphasise this fact, and to render agriculture itself more 
involved. Thus to-day, perhaps as never before, the sociological 
importance of agriculture is coming to be realised, while it is being 
borne in on mankind that the nutritive properties of the products 
of the farm are of an importance at least as great as their general 
appearance and cheapness. 

Two extraordinarily important facts follow from all this, both 
of which have a fundamental bearing upon the training of the 
men who are to become competent research workers in the agricul- 
tural field. In the first place almost more important than the 
actual solving of problems is the pre-determination of the problems 
which in fact it is desirable to solve. In the second place, since, as 
has been said, all the major problems of agriculture are “ omnibus ” 
in nature, it follows that only a team of workers representing many 
different branches of science, all working together in complete 
harmony and to a definite and pre-defined end, can possibly be 
competent to reach correct and praotioally useful solutions. 

The agricultural research worker, therefore, needs to have very 
special attributes, and his training should at least be such as not 
to lead to the premature atrophy of such of these attributes as 
may lie latent within him. If his training as well as making of 
him a first-class technician and a first-class specialist can also 
accentuate these other essential attributes so much the better. 

The truth is the successful agricultural research worker success- 

ful ” as here pre-defined) needs to develop a certain sense and 
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feeling towards his subject ; for without that he will never be able 
properly and in detail to pre-define his problems. As well as the 
sense and feeling, however, he must have the technical equipment of 
the best pure scientist in the particular field that he wishes to make 
his own. More than all this, he must have that state of mind that 
makes it come natural to him to place all his cards on the table 
and to work gladly and enthusiastically as a member of a team. 

This introductory discussion must be continued a little further 
before we can usefully come to grips with the explicit question of 
higher degrees. Experience would very definitely suggest that 
the sense and feeling for agricultiu-e can only be attained, and if 
attained can only be retained, if the worker associates himself 
keenly with the field and/or with animals in the byre. The research 
worker whose particular line of study involves almost solely long 
hours in the laboratory should always be directly associated with a 
co-worker who is dealing with the implications of the laboratory 
findings in the field or in the yard. This association, if real and 
intimate, would bo certain to have the eflect of taking the labora- 
tory man abroad on occasion, and all the time he would be refreshed 
and stimulated and kept to his pre-defined problem by the mere 
fact of being brought, if only indirectly, in touch with the living 
plant or the living animal. The will to keep in touch with one, 
or the other, or preferably with both and imder as many conditions 
as possible, is a pre-essential to the make-up of the agricultimal 
research worker. 

The applied scientist is just as worthy of a higher degree as 
the pure scientist, and frequently more worthy, but although 
possibly the higher degree does not seriously interfere with the 
training or with the outlook of the pure scientist, to put it at its 
lowest there would at least appear to be a grave risk of its doing 
so in the case of the applied scientist. 

We miist now, however, examine the matter in more detail 
and with particular reference to the agricultural research man. 
We have to consider the case of the M.Sc., the Ph.D., and the 
D.So. In so for as training is concerned, the D.Sc., is not under 
question, and those who understand academic matters are aware 
of the attainments as well as of the status that this degree in- 
variably implies, but because of its status it does not necessarily 
follow, however, that even the D.Sc., as a degree, is beyond reproach 
in its influence on research in general, and on agricultural research 
in particular. We shall again allude to the D.Sc., when in the 
olosiiig paragraphs of this article we revert to general considerations. 

Apart from the question of training, and apart from agriculture 
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as such, there are certain serious criticisms to be levelled against 
both the M.Sc., and the Ph.D. 

At most universities the M.Sc. can be variously obtained, and 
therefore the degree as such does not imply any particular standard 
of attainment, nor does the holding of this degree necessarily mean 
that the recipient has undergone any rigorom and supervised train- 
ing in research. The presentation of a thesis is the one absolute 
desideratum. Such a thesis may, however, be presented by a young 
man who returns to College immediately after graduating, and 
who undertakes a limited piece of research under supervision for 
the explicit purpose. Perhaps most generally theses for the M.Sc. 
are presented by men who already hold posts in a teaching or 
research department. The standard of excellence is then some- 
times exceedingly high, and the candidate is likely to have had 
actual research experience and in many cases a long acquaintance 
with research technique. 

Now if the candidate for the M.Sc. is on the staff of a research 
department, or institution, he should almost of necessity have 
been engaged upon team-work, and therefore, and almost of neces- 
sity, the individual work entailed in amassing the data for a thesis 
which needs must be presented mider sole authorship is not com- 
patible with the highest ideals of the team spirit. Consequently, 
and by that much, the M.Sc. degree is not in keeping with the aims 
and needs of modern research. It may possibly be in keeping with 
modern teaching requirements, but that is another matter and 
is not here under consideration. 

The Ph.D. unlike the M.Sc. is intended only for post-graduate 
research students, that is to say, for men who pass straight on 
from graduating to undertake a prescribed piece of research imder 
supervision with a view to presenting a thesis for their doctorate. 
Members of staff of the universities are usually debarred from 
offering themselves as candidates for the Ph.D. It follows, neces- 
sarily, from this state of affairs, that on the score of attainment, 
and speaking quite generally, the Ph.D. cannot be regarded in 
fairness and in fact as necessarily a higher degree than the M.Sc. 
The whole position is a confused one, for in the popular view 
“ Doctor *’ does imply a very definite status, something at least 
as much higher than Master, as Master is deemed to be higher 
than Bachelor. The confusion is rendered the more complete since 
M.Sc. may mean much or little. The real trouble is that Doctor 
has a defimtely higher post-obtaining value than Master : this 
is patently so in the commercial world and such is the immense 
psychological significance of a word that in cold fact it is probably 
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also true in the research and academic worlds. Thus a position 
has arisen which is not only ridiculous but grossly unfair. 

As matters stand at present all that can be said for the Ph.l). 
in comparison with the M.Sc. is that the former degree is at least 
more or less standardised, and that the recipient of the degree 
will necessarily have had some research training under supervision. 
The Ph.D. degree, incidentally, serves within certain limits to date 
a man, but it is to be feared that this dating, which in any event 
becomes less apparent in relation to the M.Sc. as the former degree 
becomes longer established, is not sufficient in the eyes of the 
uninitiated to mark the profoimd difference between the D.Sc. 
and Ph.D. as a qualification — the holder of either degree is a doctor ! 

This confused position as to university degrees, and as to their 
correct evaluation, is to-day, and particularly in relation to the 
applied sciences, a matter of grave national concern. Industry, 
including the agricultural industry, every year employs more and 
more scientific men, and industry cannot be expected, and should 
not be expected, to understand all these academic subtleties, but 
the managing director, or the establishment officer, who does not 
understand them is at a disadvantage when considering candidates, 
and especially when interviewing candidates. He will be in the 
position of being easily misled unless be can ask a number of search- 
ing questions about the degree or degrees which each of the several 
candidates hold. 

It is difficult indeed to find any justification for the granting 
of two degrees so closely parallel as the Ph.D. and the M.Sc. 
and thus, purely oil broad academic grounds, there is a strong 
case to be made for discontinuance of the Ph.D. degree. 
This case would be greatly strengthened if it were to be shown 
that the training which a man receives for the degree were neces- 
sarily uneven as between subject and subject, and university and 
university, and still further strengthened if it were shown that 
in certain subjects because either of the nature of the subject or 
of the regulations that are operative it was virtually impossible 
properly to train men who are candidates for the degree. 

No matter what the subject, there is always the supervisor, 
and thus the quality of the training, of the research, and of the 
thesis itself, is necessarily as much a function of the supervisor 
as of the candidate, and both at the end are in effect under examina- 
tion. Therefore, it stands to reason that the training and the assist- 
ance candidates receive cannot help but vary over the widest 
margin as between subject and subject, university and university. 

In the case of general examinations by subjects this exaggerate 
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duality between student and teacher does not occur, and in any 
event as far as different departments and groups of subjects are 
concerned the influence of a certain necessary duality more or less 
cancels out, and the student reveals himself in his examination 
papers as a distinct entity. 

We now come to the crucial matter of training, for if the Ph.D. 
is intended to signify an3rthing of real importance it is that the 
holder of the degree is by training, and by virtue of the technique 
and point of view he has acquired, fully qualified to conduct research 
in the subject in which he has specialised. We will confine attention 
to agriculture, and in order to be explicit and it is hoped authoritative 
as far as we go, we shall further confine ourselves to field husbandry 
and to that branch of field husbandry which has to do with grassland. 

The period allowed for preparation for the Ph.D. is usually two 
sessions, and even if this period is extended to two full years it does 
not give enough time for the conduct of a piece of research sufficiently 
widely based adequately to train a man in the research methods 
applicable to subjects as wide and as involved as the typical agri- 
cultural subjects we are considering. The method of approach to 
such subjects is necessarily determined by the growing seasons, and 
the technique to be adopted is in the main a field, a greenhouse and 
an out-of-door technique, and one that can only be employed and 
practised during a part of the year. This is not all, the amount of 
data that need to be collected relative to grassland problems is 
enormous, and therefore in dealing with any problem sufficiently 
wide to afford a proper training, and to develop the candidate’s 
point of view collaboration between several candidates would almost 
invariably be necessary. But even if such collaboration were 
encouraged by the acceptance of dual authorship theses for the 
degree, there would still remain the insurmountable limitation set 
by but two growing seasons. Above all this we have constantly 
to remember that by his very terms of reference the man in this 
field is committed, as we have explained, to a worth-while practical 
problem, and therefore of necessity to an involved problem, and 
his training, if it is to be of any use at all, should render him capable 
of dealing with widely based problems. Narrowness and restricted- 
ness are to be avoided at all costs. An important port of the train* 
ing, therefore, is the development of that sense which leads to the 
quick realisation of the kind of problem that is capable of yielding 
practical results, and therefore of the kind of material 
and methods that can alone lead to the necessary solutions. This 
sense can only be developed by the handling of a great deal of 
matenal. The breeding of herbage grasses by genetioal methods 
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affords an excellent example. The worker in this field needs not 
only to handle very large numbers of single plants (a mass of genetical 
material) but also to conduct large numbers of complicated field 
trials, or to be associated with another man in the conduct of such 
trials. In the actual genetical work the necessary first start is 
always self pollinations. It will take one year to obtain the progeny 
of these selfings. The trainee is likely to obtain segregation in some 
of his material and he decides he will study the inheritance of some 
particular character. He must out-cross or in-breed the next season. 
At the best, and with good fortune, he might by these methods 
obtain some definite results after three seasons. But to have followed 
a problem that could have been thus comparatively easily dealt 
with would have been too simple and too restricted as a training. 
No training in the genetics of cross-fertile herbage plants could 
be regarded as adequate until the man has had experience in the 
study of some one character in relation to at least one other character, 
and this would involve out-crossing with subsequent in-breeding, 
and the accumulation of an amount of material that would be much 
greater than is easily realised. In principle the same type of dis- 
abilities would present themselves in relation to research conducted 
on any general grassland problem. 

All this means in efiect that the only possible way to deal with 
a Ph.D. candidate in these subjects is to put him on to some minute 
and restricted fragment of a worth-while problem, or to make over 
to him a mass of existing material that is being studied by a senior 
man, or by a group of men at the particular department. It is 
not often possible to adopt this latter plan, even if the trainee is 
an exceptionally good man, and therefore the number of candidates 
that could be dealt with properly at any particular institution would 
be too restricted to be of much account. 

Besides this, the making over of material does restrict the 
scope of the training that can be given and from the thesis point 
of view it necessarily means that the supervisor will have con- 
tributed the giant’s share to the worth-while and practical results 
of the research in question, and also a too large share to the general 
character of the thesis. 

Apart from the time factor a solution to the whole difficulty 
is not to be found in extending the training period to five years. 
Five years would be stifflcient to allow of one get-ready year in 
which the candidate would collect his material, lay down his plots 
and become generally conversant with the broad lines of the tech- 
nique which he would have to use, and four data-amassing years. 
To adopt such a period and such a plan would, however, place too 
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heavy a burden on the research departments, for it would make 
extraordinarily heavy calls on greenhouse and ground space, and 
on all grades of the staff. The expense involved would be greater 
than could possibly be collected in terms of student fees, 

As matters stand it is practically impossible, with a clear con- 
science, to accept candidates for the Ph.D. as trainees in the larger 
of the out-of-door subjects. This is of itself a very serious matter, 
for it means that such candidates are driven to take up and look 
for lesser and much more restricted subjects, and generally speaking 
laboratory subjects at that, in which to obtain their research training 
in field husbandry. The accumulative influence of this on agri- 
culture, which is essentially and above all an out-door and a widely 
based science, can only be retrograde. 

The irony of the whole position arises firom the fact that it is 
easy to give an excellent research training in two years to a man 
interested in grassland problems, and including genetioal problems, 
who seeks only training and is not hampered by the restriction 
implied in the ultimate preparation of a thesis for a degree. Such 
men can be passed from department to department, and make them- 
selves fully acquainted with the whole of the technique involved, 
and with the broad inter-relations between the laboratory, the 
greenhouse, small field plots, large field plots and farm practice. 

At the Welsh Plant Breeding Station we have had men coming 
to us for training, some of whom have had the millstone of a thesis 
(M.Sc. or Ph.D.) firmly fastened around their necks, and some of 
whom have been free agents — trainees pure and simple. The men 
who have taken most away with them in spirit, outlook and in 
technique have undoubtedly been the free agents. The conclusion 
to be drawn from what we have said is undeniably that the Ph.D, 
serves as a definite handicap to the evolution of men of the right 
calibre to conduct far-reaching research in one of the most important 
branches of the science of human welfare. Men are being driven 
towards the easier and the narrower, instead of towards the broader 
and the more difficult, and the suspicion will intrude itself that the 
effect is the same in other branches of applied science for the general 
influence is to encourage men to speciaUse too soon as well as too 
narrowly. 

It would be too much to say that the day of the individual 
specialist is over, but science has grown so vast and all-embracing 
that to an ever-increasing extent the need for weU co-ordinated 
team-work is ever3rwhere apparent. 

Team-work is chiefly necessary where science is advisedly em- 
ployed in the service of man, and applied science is now of necessity 
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intrading itself upon man’s every activity. All this has to be 
accepted, and accepted first and foremost by the universities, for 
the universities are responsible for the training, and to a very real 
extent for the outlook, of the scientists of the future. As a matter 
of fact the wholesale granting of higher degrees on a thesis, which 
amounts to an examination, basis has in any event been a retrograde 
action. A university should be a place that recognises as little 
distinction as possible between man and man, and which aims at 
as little standardisation as possible. A place where staff and 
students, the elect and the more ordinary, work shoulder to shoulder 
only for the advancement of knowledge and the betterment of 
mankind. The granting of higher degrees has been in keeping 
with modern tendencies alas ! for we live in an almost incredibly 
personal age, an age in which every individual to at least some 
extent and by some insiduous process is driven towards the lime- 
light, and an age in which the press seem only able to discuss and 
to describe every daily happening in terms primarily of some indi- 
vidual or another. A doctor amongst the ordinary undoubtedly, 
and unfortunately, has a better publicity value than a mister, and 
therefore has also a better propaganda value, and universities to-day 
are not innocent of propaganda ; it is essential to their well being, 
so they consider, to court a full share of publicity, and to accumulate 
a large number of students. It is a sad commentary on human nature 
and on modem tendencies if post-graduates have to be enticed to 
remain on at the universities by the granting of high-sounding higher 
degrees, and it is sadder still if because of these higher degrees the 
training given to research students cannot be as good as it could 
otherwise be, and saddest of all, if the training does not imbue the 
rising generation of scientists with the team spirit and with an intense 
realisation of the immensity of the problems that await solutions. 

To put it quite blatantly, by our present methods, overshadowed 
as they are by the degree system, we are tending to train men to 
conduct research in the buds, twigs, and in some of the smaller 
branches of agricultural science, rather than in AGMOtrLTtmB ; a 
oritidsm which in the same general terms we believe could be 
levelled, with equal justice, against the training for almost every 
major applied science. A system to meet modern needs should 
assuredly produce specialists in each applied science as such, as 
well as in its every branch and sub-branch, and to-day the most 
urgent need is for the former t3rpe of specialist. 

The agricultural scientist cannot be separated in treatment from 
other applied scientists, and the applied scientists cannot in equity 
be sepurated from the pure scientist, but it would probably be better 
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for all if higher degrees granted on the thesis basis were completely 
abolished. The Ph.D. has served no really useful national purpose, 
and has carried with it innumerable psychological effects which 
have done neither the young doctors nor the<universities any good, 
and should assuredly be abolished root and branch. The M.Sc. is 
perhaps more innocent, despite the fact that it stands for too wide 
a range of attainment and qualification, and of research training. 
Because many of the candidates for the M.Sc. already hold research 
positions if this degree is to be retained the submission of papers 
or theses of joint-authorship should be considered as a merit and be 
definitely encouraged instead of being disallowed, for ability to colla- 
borate is one of the outstanding necessities of the modern scientist. 

The D.tSc. stands in a different category, because it does not 
influence a man’s training. It may, however, influence a man’s 
attitude towards team-work and collaboration, and may so influence 
his attitude over a long run of years, during which time he is himself 
in a senior and influential position, and therefore capable of consider- 
able psychological mischief to the man himself, and therefore also 
of considerable mischief to the spirit that should animate a research 
institution. 

It would perhaps be going too far to advocate the abolition of 
the D.Sc. degree because of these possibilities, possibilities which 
are increasingly menacing, however, in view of the ever-increasing 
development of research departments and institutions working on 
wide terms of reference demanding intimate collaboration between 
large numbers of workers. The case of D.Sc. would probably be 
best met if the submission of joint papers were always regarded as 
of itself striking evidence of the candidate’s suitability for the 
status impUed by the conferring of the degree. 

In conclusion it may be suggested that the only justifiable raison 
d'itre for granting degrees is firstly to inspire students to work and 
to undergo a rigorous training in technique and to encourage qualified 
men in positions to hold unremittingly to their researches in a spirit 
in sympathy with the ever widening range of science : and secondly, 
to assist the university authorities and those who have posts to 
fill to put the right men in the right positions. If the degree system 
on the one hand tends to interfere with the giving of the best possible 
training in a reasonable length of time, and on the other does not 
sufficiently accurately or sufficiently clearly categorise the men who 
pass through the universities, then the whole s}rBtem falls to the 
ground. The system has had a fairly long trial. It is certainly 
growing more complicated, and this very fact probably dearly 
indicates that the system is failing but that nobody likes to admit it. 
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Wkbnke's theory of co-ordination, which was first put forward in 
1891, aimed at explaining the structure of that puzzling range of 
chemical compounds which chemists at that time conveniently 
shelved under the name of molecular compounds. They were 
formed by the combination of apparently saturated molecules and 
their structure appeared to be quite independent of the ordinary 
valency rules. Werner proposed for them a theory of molecular 
structure founded on entirely new principles. He pointed out that 
the structure was usually determined by the tendency of a central 
atom to attach to itself 4 or 6 or 8 atoms or groups, and that, for 
example, the molecular compounds PtCla,2KCl and PtCl4,2KCl 
were actually the co-ordination compounds K,[PtCli] and K,[PtCIe], 
where the square brackets enclose the co-ordination complex. He 
considered that the four or six chlorine atoms, immediately surround- 
ing the platinum atom, formed with it a stable complex outside 
which were the ionised potassium atoms. In other cases, such as 
[PtCl,,2NH,] the complex is not an ion, so that there are no units 
outside “ the inner or first co-ordination sphere.” In [PtCl„2NH,] 
and KiPPtCla] the platinum has a principal valency of two and 
a co-ordination number or covalency (to use the modern term) of 
four, whereas in K|[PtCl,] the principal valency is four and the 
covalency six. Examples of atoms showing covalencies of 4, 6 or 
8 are seen in the following compounds : 

K,[Zn(CN)J, K[BP 4 ]. Ba[BeF 4 ], [Cu 4 NH 4 ]S 04 
[PtCl4,2NH,], K,[SiP,], [0o6NH,]Cl„ Na,[All',] 
K4 [Mo(CN).], K,[W(CN),], [OsFJ 

As an extension of his theory Werner determined the number of 
isomers which could be prepared of co-ordination compounds of 
different types. In the case of co-ordination compounds exhibiting 
a oovalenoy of six, three possible spatial arrangements of the six 
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units suggest themselves ; the hexagon, the triangular prism and 
the octahedron, each of which has six points equidistant from its 
centre. If the six units round the central atom are distributed in 
the form of a hexagon or triangular prism then three isomers are 
possible in compounds of the type [Ma,6,] whereas actually in the 
numerous cases investigated only two isomers are ever found. The 
existence of two isomers of this type is exactly in accordance with 
an octahedral configuration as the following diagram shows : 

a b 




This octahedral type of configuration was supported by Werner’s 
discovery that many co-ordination compounds similar to the well- 
known potassium chromi-oxalate K,[Cr(Ca04)a] could be resolved 
into optically active forms. That such compounds could exhibit 
optical activity had never been suspected, but that they should do 
so immediately became apparent on the theory of an octahedral 
structure. 

In the following diagram it is seen that the complex ion 
[Cr(C,04),]'" can exist theoretically in forms which are related 
as object and mirror image. Each oxalate group occupies two 
positions in the octahedron (such groups are designated “ chelate 
groups ” by Q. T. Morgan). 



The optical activity thus predicted has been realised in numerous 
compounds in which the central atom shows a covalency of six, 
and affords a striking vindication of Werner’s views. For example, 
optical activity has been demonstrated in co-ordination compounds 
of no less than eight metals of the transition periods, viz. Or, Fe, 
Co, Ni, Ru, Rh, Ir, Pt. X-ray analysis and electron-difiraotion 
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have shown that the octahedral configuration is widespread in 
minerals and chemical compounds and it appears to be the usual 
distribution when a central atom has a covalency of six. One of 
the few exceptions to this is molybdenite, MoSt» in which each 
molybdenum atom is surrounded by six sulphur atoms in the form 
of a triangular prism. 

It is now generally accepted that there are two fimdamentally 
difierent kinds of linkage which are designated as ionised and 
non-ionised, electrovalent and covalent. An ionised link, which 
has no directive properties in general, occurs when one electron 
is transferred from one atom to another, as in sodium chloride. 
A covalent link, on the other hand, results from the sharing of 
two electrons between two atoms, each of which contributes one 
of the electrons. The existence of chlorine in the ionic and non- 
ionic forms is seen in the well-known co-ordination compound 
[CoCljSNHslCl,, and it will be realised that whenever an element 
forms part of the co-ordination complex it is bound to the central 
atom by a non-ionic link. It is not necessary, however, for such 
a link to be a covalency as defined above. Thus, it is well known 
that in the H*0 or NHa molecule there is a “ lone-pair ” of electrons 
which can form a link if another atom can bo found to share them 
without itself contributing any of its own electrons in return. This 
third type of link can be conveniently described as a co-ordinate 
link and may be written, following Sidgwick’s suggestion, as an 
arrow A — ► B, pointing away from the atom which contributes 
the two electrons to the link. 

Whilst the octahedral configuration appears to be general with 
6-oovalent atoms there is no such universality in the case of 4- 
covalent atoms. By analogy with carbon it might be inferred that 
whenever four units surround a central atom the configuration will 
be tetrahedral. Nevertheless, the possibility cannot be ignored 
that, when two of the six co-ordination positions are vacant, the 
remaining four may form a square rather than a tetrahedron. 
Werner maintained that the tetrahedral configuration was not 
general and that in the cases of the aramines of platinous and 
palladous chlorides, PtCli,2NH8 and PdCla,2NH8, the structure was 
planar. In such compounds, if the four units are arranged in a 
plane about the bivalent atom, two isomeric derivatives, a cis and 
a trans, should exist 
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Actually a considerable number of simple compounds of 4-covalent 
platinum were known to exist in two distinct modifications and gave 
support to Werner’s view. 

Between 1899 and 1926 it was clearly demonstrated by a series 
of important investigations, using the classical methods of organic 
chemistry, that a wide range of elements, viz. tin, sulphur, selenium, 
nitrogen, beryllium, copper and zinc, could have tetrahedral arrange- 
ments for their four valencies. On the other hand, during this 
period, the only support for Werner’s view was the isolation by 
Vernon [10] in 1920 of two isomeric series of compounds of the 
type Te(CH 3 )aIa that gave the same values for their molecular 
weights. In view of this equality of molecular weights Vernon 
supposed that they represented the cis and tram forms of molecules 
having a planar configuration similar to that which Werner had 
assigned to the isomeric platinous compounds of the type PtCl|,2NH,, 
thus : 
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In 1929, however, considerable doubt was thrown on this evi- 
dence for the planar structure of tellurium by Drew [11], for he 
proved that whilst one form had the composition Te(CHi)|Is the other 
modihcatiou was a polymer of salt-like character with the structure 
[Te(CH,),][TeCH,T«]. This abrupt disappearance of the only evi- 
dence for a planar configuration, outside the cases of palladium and 
platinum, rendered the behaviom: of these two metals the more 
remarkable and called for further work of a decisive character to 
establish whether planar structures for 4-oovalent compounds could, 
in fact, exist. Although the chemical support for Werner’s views 
was slight some physical evidence had accumulated which gave 
strong support. An X-ray investigation in 1922 by Dickinson [12] 
had indicated that in the complex ions [PdCl.] — and [Ptd.] — the 
metal atom lay in the same plane with the four chlorines. Further, 
in 1931, Pauling [13] gave reasons, based on wave mechanics, for 
concluding that a planar structure was possible, not only in the 
cases of 4-covalent palladium and platinum but also with nickel. 
In recent years therefore this question of the spatial distribution of 
the valencies of 4-oovalent atoms has aroused unusual interest and 
inspired a vast range of researches. 

It is evident that there must be a theoretical explanation why 
in certain cases the structure is tetrahedral and in others planar. 
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Pauling’s theory attempts to give this explanation. It is generally 
known that the electrons in an octet are divided into two levels of 
2 and 6 and those of an 18 group into three levels of 2, 6 and 10. 
The spectroscopic designations for these levels are s, p and d. Thus 
only a and p levels occur in an octet while in a shell of eighteen 
electrons d levels are also possible. Starting from the usual idea 
that a bond involves the sharing of two electrons Pauling predicts 
that when four bonds are formed by means of a and p electrons 
only, their distribution is tetrahedral. When, however, d electrons 
are used and the linkage is of the type ap*d an arrangement of four 
bonds at 90° in one plane is predicted. The latter possibility arises 
particularly with elements of the transition periods. Moreover, as 
Pauling points out, since the d electrons are chiefly responsible for 
the magnetic moment of the atom, sharing of them should reduce 
this moment (since a postulate of the theory is that the two electrons 
in a bond have opposite spins) so that, for example, bivalent 
nickel which is paramagnetic in its simple salts should be diamagnetic 
in any of its 4-oovalent compounds of planar structure. 

Werner had already expressed the view that bivalent palladium 
and platinum could give 4-covalent compounds of planar type, but 
that nickel could function in this way was an entirely new suggestion. 
It was with particular interest therefore that the amiouncement 
was received in 1932 that S. Sugden [14] had isolated two isomeric 
forms of the nickelous derivative of the unsymmetrical oxime, 
benxyl-methylglyoxime, with melting-points of 168° and 75-77° 
respectively. These compounds proved to be diamagnetic, as were 
also the nickel derivatives of dimethylglyoxime and diphenyl- 
glyoxime, a fact of special interest from tihe point of view of Pauling’s 
theory. With a tetrahedral configruration for the nickel bonds the 
two forms would be related as object and mirror image and would 
be, presumably, paramagnetic. 
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With the object of proving conclusively that 4-covalent nickel may 
be planar and diamagnetic, the salioylaldoxime derivatives of 
platinum, palladium, and nickel were investigated by Cox, Pinkard, 
Wardlaw and Webster [16]. The nickel compound is well known 
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in quantitative anal 3 rsis and the palladium derivative has been 
suggested for the microchemical estimation of this metal. Two 
molecules of salicylaldoxime can be attached to these bivalent metals, 
each molecule of oxime contributing one principal valency and one 
co-ordinate link. 
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All the compomids M(C,H,0,N), where M = Ni, Pd, Pt, crystallise 
well without solvent of crystallisation ; they are almost insoluble 
in water but soluble in carbon tetrachloride, chloroform and benzene. 
Molecular weight determinations prove them to be monomeric and 
undoubtedly their properties indicate that they are covalent struc- 
tures. The nickel and palladium compounds form isomorphous 
crystals and an X-ray examination showed that the molecule in 
each case possessed a centre of symmetry and therefore had a planar 
trans-configuration. The platinum derivative occurred in two 
modifications, one of which had definitely a planar trans-structure. 
The 4-covalent nickel compound was obviously an excellent case 
with which to test the validity of Pauling’s theory, for it had been 
shown to be planar and should therefore be diamagnetic. The 
magnetism was determined and found to agree with Pauling’s views. 

The changed position with regard to the stereochemistry of 
4-oovalent atoms was admirably dealt with by S. Sugden [16] in 
a discussion on stereochemistry held by the Chemical Society in 
London in 1936, He emphasised that there was definite evidence 
for the frequent occurrence of planar configurations not only amongst 
4-oovalent compounds of nickel, palladium and platinum but also 
of copper. Sugden pointed out that there were three main lines of 
evidence which favoured a planar distribution of valencies for 
4-covalent nickel, palladium and platinum. First, there was the 
occurrence of cis and trans isomerides when two unsymmetrioal 
chelate groups are attached to the metallic atom. As examples of 
this there are the isomeric nickel derivatives of benzyl-methyl- 
glyoxime, previously mentioned in this article, and the glycine 
derivatives of palladium [17] and platinum [18] of the types shown 
below : 
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Seoondly, there is the evidence from optical activity provided by 
the resolution of the 4-oovalent platinum compound 




NH 

\ / CH. 




by Mills and Quibell [19] in 1935. If the valencies of the platinum be 
in a plane (Fig. 1), the compound has no plane of symmetry and must 



QH, 1- CH, 

be optically active. On the other band, if the valencies of the metal 
atom have a tetrahedral disposition (Pig. 2) then the planes of the 


11 



two rings will be at right angles and the molecule possess a plane of 
symmetry and will not be resolvable. Actually the compoxmd was 
resolved into optical isomers of high stability. Finally, there are 
X-ray studies by Cox, Wardlaw [20, 21] and others which have 
demonstrated a planar configuration in no less than 14 derivatives 
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of nickel, palladium and platinum. A striking example of this 
planar configuration is in the dithio-oxalates. The anhydrous 
potassium nickelo-dithio-oxalate is completely isomorphous with 
the corresponding palladium and platinum derivatives and the good 
scattering power of the sulphur atoms enabled the position of all 
the atoms in the molecule to be determined by X-ray analysis [21]. 
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The extension of these planar structures to bivalent copper was of 
special interest, for Mills and Gott [22] in 1926 had recorded that 
4-oovalent copper in its benzoylpyruvic acid derivative gave rise 
to optical activity and so appeared to have a tetrahedral valency 
distribution. Nevertheless, in 1934, an X-ray examination of 
CuS 04,5H,0 [23] had shown that four of the water molecules had 
a planar arrangement round the copper atom and this result sug- 
gested that if suitable 4-co-ordinated compounds were examined, 
a planar structure would be found. Cox and Webster [24] therefore 
examined a number of copper derivatives of /J-diketones such as the 
cupric salt of acetylacetone and found a planar arrangement for 
the copper valencies. 
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It may perhaps be of interest to indicate how it was possible 
to arrive at this conclusion without the necessity of an exhaustive 
analysis by X-rays of these somewhat complicated molecules. In 
some cases, space-group considerations showed that the molecule 
possessed a centre of symmetry ; this immediately demonstrated 
its planar-trans character. In others the smallest cell-dimension 
excluded a tetrahedral configuration. It is well established that 
the distance apart of carbon atoms in neighbouring molecules of 
crystalline organic compounds is approximately 3'7A. IVom this 
vidue, a simple calculation shows that if the disposition of the 
On — 0 bonds in the crystal of copper acetylacetonate were tetra- 
hedral, the distance apart of copper atoms in neighbouring molecules 
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would probably be about 5‘3A. and certainly not less than 4-8A. 
On the other hand, with a planar distribution of valencies the 
distance apart, of copper atoms in neighbouring molecules might be 
anything from about 3* 7 A. upwards according to the arrangement 
of the molecules. Actually for each of the four diketone compounds 
examined by Cox and Webster, one of the cell dimensions (which 
must be the distance apart of copper atoms in different molecules) 
was less than 4»8A. The planar configuration for 4-covalent cupric 
compounds is now fully confirmed by a range of experimental data. 
J. M. Robertson [25] found that the phthalocyanine derivatives 
of nickel, platinum and copper had the metal atom and the four 
surrounding nitrogen atoms in one plane. D. Marker [26] in 1936 
investigated the crystal structure of the dihydrate of cupric chloride 
CuCl|,2H,0 and concluded that each copper atom is attached to two 
chlorine and two oxygen atoms by covalent linkings directed to the 
corners of a square. Further, Cox, Sharratt, Wardlaw and Web- 
ster [27] found that CuClj,2pt/ (where py = pyridine, C^H^N) had 
a planar-trans structure 

py Cl 

\ / 

Cu 
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Cl py 

The work which has just been surveyed shows that many 
4-covalent complexes of copper, nickel, palladium and platinum 
actually possess a planar configuration and that this configuration 
is maintained even when considerable changes are made in the 
nature of the co-ordinated groups. On the other hand, recent 
investigations have demonstrated quite clearly that a change in 
the principal valency of a 4-covalent atom may influence the spatial 
distribution of the bonds. For example, an X-ray study of tri- 
methyl-platinic chloride, Pt{CH,),Cl [28], in which the platinum 
is 4-oovalent but quadrivalent, has disclosed that the platinum 
valencies are not in a plane with the metal atom and are, pre- 
sumably, tetrahedrally distributed. Again, nickel carbonyl, Ni{CO )4 
[29], in which the nickel has zero principal valency, has been investi- 
gated by electron-diifraction methods and proved to possess a 
tetrahedral structure. Striking examples of this change of structure 
with change in the principal valency of the central 4-oovalent 
atom have also been found in some very recent investigations of 
co-ordination compounds of copper, silver and gold. Prior to 
1936, the only data on the configuration of 4-covalent argentous 
derivatives was that of Hein and Regler [30] who, in a preliminary 
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note, stated that they had effected a partial resolution of the 
silver derivative of that well-known compound, 8-hydroxyquinoline. 
Later, they described their work in detail [31] and stated that 
by the use of the bromocamphor-sulphonate they had obtained 
evidence that the silver compound was optically active, although 
the activity could not be retained when the optically-active acid 
was removed. They concluded that the 4-covalent silver atom 
must have a tetrahedral disposition for its valency bonds. Cox, 
Wardlaw and Webster [32] then examined by X-ray methods 
the substances formed by the co-ordination of four molecules of 
thioacetamide with cuprous and silver chloride respectively 

CH, 

Cl. 

NH/4 — ' 

They also examined the complex cyanide of cuprous copper, 
K,[Cu(CN)i]. In each of these substances a tetrahedral distribution 
was found for the four links with the copper or silver atom. It 
is interesting to notice that in all these compounds, the co-ordinated 
metal atom is associated with a number of electrons which repre- 
sents the atomic number of an inert gas. For example, the effective 
atomic number, as Sidgwick calls it, of the copper atom in 
K,Cu(CN )4 is 29 -f 3 -f 4, i.e. 36, the atomic number of krypton. 
It is also noteworthy that the complex ion [Cu(CN) 4 ]"' has exactly 
the same number of electrons and presumably the same electronic 
distribution as the neutral molecule Ni(CO )4 which has also been 
shown to be tetrahedral. Mann, Purdie and Wells [33] also find 
a tetrahedral distribution of valencies for the copper atom present 
in the co-ordinated cuprous complex, [Et»A8 — ► Cul] 4 . 

Now whilst univalent copper and univalent silver form 4-covalent 
compounds of tetrahedral type it has been demonstrated that 
bivalent silver, like bivalent copper, is capable of giving 4-oovalent 
complexes of plane configuration. This statement is based on 
the fact that argentic picolinate has been shown to be isomorphous 
[34] with cupric picolinate, which X-ray methods prove to have 
the trans-planar structure 
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Argentic pioolinate therefore has a similar structure and has more- 
over the high birefringence that would be associated with such a 
molecule of trans-planar type. By analogy with copper and silver 
one would expect that univalent gold in its 4-oovalent comppunds 
would be tetrahedral. At present there are no data on this matter. 
The configuration of complexes containing 4-covalent gold in its 
higher valency of three is now, however, well established. Cox 
and Webster [35] examined potassium auribromide K[AuBr4],2H,0 
and fotmd that the ion AuBr 4 ' possessed a planar form. The X-ray 
evidence clearly showed that the water in the auribromide was 
held as water of crystallisation and that the substance did not con- 
tain the 6-covalent complex [AuBr4,2H80]'. Recently Burawoy, 
Gibson, Hampson and Powell [36] examined the dipole moments 
and crystal structure of some organic derivatives of 4-covalent 
auric gold. They found that in diethyl-raonobrom-gold, which is 
dimeric, with the constitution 

Et Br Et 

\ / ^ / 

Au Au 

/ \ / \ 

Et Br Et 

the atoms and groups attached to a 4-covalent gold atom were 
oo-planar with the metal atom. Additional examples, where the 
configuration of a 4-covalent complex is dependent on principal 
valency, have been found in the oases of tin and lead. Chemical 
and physical investigations have clearly shown that the four valen- 
cies of stannic tin are tetrahedrally distributed. Pope and Peachey 
[37] in 1900 prepared an optically active compound of tin and 
this tetrahedral configuration was also revealed by X-ray methods 
in stannic iodide [38] and tin tetraphenyl [40]. Until recently no 
examination had been made of quadricovalent compounds of 
bivalent tin, but in a preliminary note [39] Cox, Shorter and 
Wardlaw have now recorded the results of an X-ray analysis of 
K|[SnCl 4 ], 2 HiO. The X-ray measurements show that the tin is 
4-oovalent and not 6-oovalent as the presence of two molecules of 
water might suggest, and the ion [Sn^Cl.]'' is planar in contrast 
with the tetrahedral [Sn’^^I*]. Investigations on other stannous 
compotmds support these conclusions. Further, lead, which has a 
tetrahedral disposition in Pb(C«H ()4 [40] and other plumbic com- 
pounds, proves to be planar [39] in quadricovalent derivatives such 
as lead benzoylacetonate and PbCl|.2CS.(NH|)i where the principal 
valency of the lead is two. This short summary of some of the 
results obteiined firom an examination of 4-oovalent complexes of 
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metals in varying valency states, emphasises the important change 
in configuration which may accompany a change in principal valency. 

The co-ordination compounds of cobalt have always been of 
great interest but most attention has been directed to those showing 
cobalt with a covalency of six. In recent years, however, the 
4-oovalent cobalt complexes have commanded considerable interest 
for they present a stereochemical problem of a puzzling nature. 
Two forms of CoCl,2C6H6N are known, one discovered in 1894 and 
the other in 1927 , and by analogy with the corresponding platinous 
compounds it has been suggested that they are cis and traris iso- 
merides of planar structure. Moreover, the tendency to square 
co-ordination on the part of bivalent cobalt is shown by the close 
isomorphism of CoSe04,5H,0 with CuS04,5H80 since, as we have 
pointed out, the copper atom in the latter substance is surrounded 
by four water molecules in a plane. In 1935 , however, Powell 
and Wells [ 41 ], as a result of an X-ray study of CojCoClg, concluded 
that the ion [C0CI4]" was of tetrahedral type. It was obvious 
from the chemical facts and the X-ray data that the possibility 
arose that bivalent cobalt might provide a definite example of a 
metal, in the same valency state, having both planar and tetra- 
hedral quadricovalent derivatives. A chemical and crystallographic 
investigation of the two forms of CoCl|,2py and some related com- 
pounds was recently undertaken [ 42 ] and it was shown that one 
form of CoCl,.2py was trans planar 

01 py 

\ ^ 

Co 

/ \ 
py Cl 

No definite conclusion could be drawn regarding the structure of 
the other form. The demonstration of this planar structure in 
one form of CoCl„2py together with the previously established 
tetrahedral structure of the C0CI4" ion appears to constitute the 
first defimte case of a bivalent metal possessing simple unohelated 
4 -co valent derivatives of more than one configuration. The only 
other case in which there is evidence for both configurations ocour- 
ring for an element in one valency state is that of beryllium, the 
phthalocyanin derivative of which has been shown by linstead 
and Robertson [ 48 ] to be centro-symmetrical, so that if the 
beryllium atom has four covalencies they are co-planar. Many 
quadricovalent derivatives of beryllium have been shown to be 
tetrahedral, however ; these include representatives of all types 
of complex, e.g. Na,[BeP4], basic beryllium acetate, Be40(CH|C00)4, 
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[Be4H*0]S04, beryllium benzoyl pyruvate, and the mineral ham- 
bergite [44] Be,B03(0H), which contains Be03(0H) tetrahedra, 
so that it is perhaps permissible to suggest that in the case of the 
phthalocyanin derivative the rigid planar character of the organic 
molecule imposes a configuration which would not be adopted by 
the beryllium atom in normal circumstances. Tlxis appears prob- 
able on theoretical grounds since there are no d levels in the un- 
excited beryllium atom. None the less, the result is of great interest 
as showing the extent to which special conditions may modify 
coniiguration. 

Finally the case of manganese may be mentioned. As is well 
known, in its hexa- and heptavalent conditions, i.e. in [Mn04]" 
and [Mn04]', this element has a tetrahedral disposition of valencies. 
Recently the substance MnCl„2pyha8 been shown [42] to be planar, 
being fully isomorphous with the corresponding oobaltous com- 
pound, CoCi|,2py while the close isomorphism of MnS04,5Ha0 and 
CuS 04,6H,0 has long been recognised. Since also a square con- 
figuration occurs in manganite [45] MnO(OH) it appears that 
manganese is so far unique in exhibiting a planar configuration 
in two valency states, viz. with a principal valency of both 2 and 3. 

Our present knowledge of the stereochemistry of quadricovalent 
metals is summarised in the following table, in which □ represents 
a planar distribution of bonds and A ^ tetrahedral. The extent 
of recent advances in this field is well shown by a comparison of 
this table with a corresponding one given by Sidgwick, The Covalent 
Link in Chemistry, p. 213, published in 1933. 
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* in Ni(CO)4. 

t A for principal valency 6 and 7. 


If we except the case of beryllium discussed above, it appears 
that those atoms, whose effective atomic numbers (E.A.N.) in a 
complex is that of an inert gas, have a tetrahedral configuration ; 
that the converse is not true however is shown by the case of quadri- 
valent platinum, for which the E.A.N. is 82, four electrons short 
of the radon configuration. No generalisation appears to be possible 



SOISNCE PBOGBESS 


476 

for the planar structures, although the majority of them oootu* 
for elements in their bivalent condition. Consideration of the 
results tabulated above indicates some of the directions in which 
further progress may be expected. The theoretical work of Pauling 
from 1931 onwards undoubtedly had a very stimulating eflfect on 
experimental work, but on account of the complexity of the problem 
his results were necessarily only permissive in character, t.e. it 
was possible to show that the combination of various electron 
orbitals would result in a definite configuration which could be 
predicted, but in those cases where from the known electronic 
configuration of the atom more than one combination of orbitals 
seems valid, e.g, Mn, then there exists no criterion whereby it 
is possible to decide which configuration shall actually occur. At 
the present time experiment has to some extent outstripped theory 
and it is greatly to be hoped that the application of wave-mechanical 
methods will, in due course, show why, in certain cases, a change 
of principal valency results in a change of configuration and why, 
for example, this is not the case for 6 - and 7-valent manganese. 
A further problem is whether any distinction can be made on 
theoretical grounds between the covalent and the co-ordinate link ; 
it is significant that those compoimds of bivalent cobalt which are 
planar involve co-ordinate links whereas only covalent bonds occur 
in the tetrahedral [C 0 CI 4 ]". In its present state, theory cannot be 
completely reconciled with experiment in the matter of magnetic 
properties of co-ordination compounds ; this is particularly the 
case, as Sugden has pointed out, with copper [16] and cobalt [46]. 
Further work here appears very necessary. 

Mention was made in the introduction to this article of a possible 
co-ordination number of eight. The number of elements which 
exhibit this covalency is very restricted and the conditions for its 
realisation are still obscure, in spite of attempts to formulate a 
satisfactory theory. Most of the elements showing a covalency of 
eight are heavy elements, although both zirconium and molybdenum 
with atomic numbers of 40 and 42 respectively are definitely 
8 -oovalent. W. G. Penney and J. S. Anderson [ 47 ] have recently 
discussed co-ordination numbers of eight in a very useful com- 
munication, and conclude that eight elements, Zr, Mo, Ru, Ce, 
Hf, W, As, Th, are known to form co-ordinated complexes with 
a CO valency of eight. In the cases of certain compounds which 
appear to show this 8 -covalency the possibility cannot be overlooked 
that they may have an alternative constitution. For example, 
certain salts contain eight molecules of water of crystallisation and 
these are sometimes represented as being associated with the metal 
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atom and conferring on it a oovalenoy of eight, e.g. [Be,8H,0][PtCl,]. 
It seems not unlikely, however, that the water molecules exist 
as double water molecules as suggested by Werner and that actually 
the oovalency of beryllium is the normal one of four. Againt com- 
plex fluorides are known of the type KaHMFg where M is Ta, Sn 
or Pt. These may actually be crystalline aggregates of two or 
more molecules as in the well-known case of (NHglgHfF, which has 
been shown by X-rays to be made up of units of (NH«),HfF, and 
NH4F so that here the hafnium has not a covalency of seven but 
six. It is generally presumed that the distribution of the valencies 
of an 8-covalent atom is cubic, but it is very remarkable that in 
the cases of the tetra-aoetylacetonates of metals such as zirconium, 
no isomers have been detected. 


Zr| 


O 0 CHg^ 

/ \ 

CH 

0=c— CH/ 


It will be apparent that investigations on the lines indicated 
in this article are capable of wide extension to elements of other 
covalencies such as odd covalencies of three, five or seven. The 
results already recorded are of fundamental importance to modem 
stereochemistry, both in themselves and as a stimulus to advances 
from other directions, e.y. in the application of quantum mechanical 
considerations to valency problems. The attention of those who 
wish to learn more of other aspects of co-ordination compounds 
is directed to the account [48] of a symposium on complex com- 
pounds held by the American Chemical Society in 1936, when 
L. F. Audrieth [48] emphasised that from a purely practical point 
of view there is also every reason for a more detailed study of 
complex inorganic compounds. Sir Gilbert Morgan [49], too, has 
stressed that at least one important metallurgical industry — the 
production of pure nickel — may be regarded as being dependent on 
the singular properties of a co-ordination complex, nickel carbonyl. 
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GEOLOGY IN THE U.S.S.R. 

By G. W. TYRRELL, A.R.C.Sc., D.Sc., P.G.S., F.R.S.E. 

Thi Univer$Uy of Gkugm 

The meeting of the 17th International Geological Congress in 
Moscow in July 1937, and the numerous excursions held both 
before and after the Congress, afforded a good opportunity of 
assessing the present state of geological science in that vast region, 
covering one-sixth of the land surface of the globe, which is com- 
prised in the Union of Socialist Soviet Republics. 

The 16th Congress held at Washington in 1933 attracted 1182 
applicants of whom 836 were Americans and 346 foreigners. Of 
this number 665 delegates actually attended. The corresponding 
figures for the 17th Congress are not yet known, but are tentatively 
given as follows. Over 2000 applications for membership were 
made of which about 400 were from foreigners, and about 1000 
delegates attended the Congress meetings. It may be of interest 
to give a general account of the activities of the Congress held, 
as it was, in the exotic environment of Soviet Russia. 

The general assemblies of the Congress were held in the audi- 
torium of the Moscow Conservatory, the hall in which the major 
musical events of Moscow take place. During the evening of 
July 20, the day prior to the opening of the Congress, an excellent 
exhibit of the mineral resources of the U.S.S.R., displayed in the 
foyer and galleries of the Conservatory, was opened for public 
inspection. A large new geological map of the U.S.S.R., liberally 
covered with tablets indicating the loci of the economic minerals 
and rooks, was the object of much attention. 

The Congress was opened on the morning of July 21 by Dr. 
Philip S. Smith, leader of the American delegation, who officiated 
as retiring President in the place of Professor W. Lindgren who 
was unfortunately absent owing to illness. After his opening speech 
Dr. Smith gave the floor to V. I. Mexhlauk, Peoples Commissar of 
Heavy Industry, who delivered a speech of welcome to the Con- 
gress in the name of the Soviet Government. Mezhlauk was 
folbwed by I. M. Goubkin, Vice-President of the Academy of 
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Sciences, who had been elected President of the Congress and had 
taken the chair, and by V. I. Komarov, President of the U.S.S.R. 
Academy of Sciences, who gave an address of welcome in the name 
of the Academy. 

The perhaps not unjustified nor unnatural political references 
made by the Russian speakers, intent on advertising the achieve- 
ments of a Socialist society, sounded oddly, however, in a scientific 
congress. Vehement and prolonged applause, for example, during 
which the whole audience rose to its feet, greeted Mezhlauk’s refer- 
ence to the “ leadership of the Communist Party and comrade 
Stalin,” under which the recent tremendous advances in Soviet 
geology had become possible ; and equal applaiise was accorded 
to Goubkin’s phrase ; “ All these successes we owe to our great 
Commimist Party and the Soviet Government, which have created 
for our scientific work such conditions for which we pride ourselves 
before the whole world.” It is but fair to say, however, that after 
the political ebullience of the first plenary meeting, when the Con- 
gress had settled down to its real scientific work, political allusions 
became extremely rare. 

During the afternoon Goubkin read a paper on “ The Estimation 
of the World’s Oil Reserves,” in which a somewhat optimistic 
method of estimation was outlined which credits the U.S.S.R. with 
“proved” reserves of 3877-2 million tons, with a “possible” 
further reserve of 2600 million tons. 

The language difficulty was most efficiently overcome by the 
adoption of the League of Nations system of translation, for the 
first time, I believe, in a scientific congress. Below the speaker’s 
rostrum stood a row of cubicles in which translators spoke into 
microphones, the languages used being Russian, English, French, 
German, Italian and Spanish. Their voices were transmitted to 
headphones attached to every chair in the auditorium, and listeners 
had only to plug in to the appropriate pair of terminals on their 
chairs to hear the speeches in their own language or in the 
language they best understood. For a purely scientific paper 
written translations were made beforehand and read simultaneously 
with its delivery, but the ordinary business of the Congress was 
translated extemporaneously by an extremely efficient corps of 
translators. 

The morning of July 22 was devoted to sight-seeing, visits 
to museums and other cultural and educational institutions in 
Moscow. During the afternoon the second plenary meeting of the 
Congress was held in the Conservatory. The first item was a 
paper by M. M. Prigorovsky on “ The Coal Provinces and Basins 
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of the U.S.S.R/’ ; the second was the entry of about 30 Young 
Pioneers of both sexes, who filed on to the platform in their pic- 
turesque black and white uniforms with red neckties. These were 
introduced as young naturalists and geologists in training to,/take 
their places in the investigation of Soviet natural resources. Their 
leader stood forward and delivered a short address of welcome to 
the Congress, which received great applause. Then came my turn, 
for I had learned only the day before that I was expected to give 
my paper on “ Igneous Activity in Relation to Tectonics ” to the 
general assembly, although I had prepared it only for a sectional 
and not a full-dress occasion. I found my speech somewhat of an 
ordeal under the prevailing conditions. Not only was there the 
confused murmur of the translators below me, but a movie camera 
with its attendant pair of arc -lights was perambulating the area, 
with the lights intermittently focussed on me as well as spot-lights 
from the gallery, while press photographers thrust their cameras 
almost under my nose. The fourth and concluding item was a 
paper by Professor A. D. Arohangelsky on “ Geological Results of 
General Magnetometrical and Gravity Work in the U.S.S.R.” 

In the evening many members of Congress attended by invita- 
tion a fine open-air theatre performance in the Central Park of 
Rest and Culture. A meeting of the general assembly at this 
centre before the performance, at which Professor 0. J. Schmidt, 
the chief of the Soviet Arctic Scientific Service, was to s{>eak on 
** Investigation of the Arctic Regions,’* had to be cancelled to the 
general regret, owing to the unfortunate death of Madame Schmidt. 

Sectional meetings had begim on the afternoon of Wednesday, 
the 21st of July, and were continued on Friday the 23rd, and on 
Monday, Wednesday and Thursday of the following week. An 
account of the work of the sections follows later. 

During the week-end 300 members of Congress made a trip to 
Leningrad, where visits were paid to art galleries and museums, 
and to the former palace of the Czars at Peterhof on the southern 
shore of the Gulf of Finland, where the party was entertained to 
a banquet by the Leningrad Soviet. The high lights of the Lenin- 
grad excursion were the visits to the Museum of the Central 
Geological and Prospecting Institute, the Mining Museum where 
a wonderful mineral collection was exhibited, and the Zoological 
Museum in which we saw the famous fossil carcass of the woolly 
mammoth, which was extracted almost whole, with flesh and 
entrails preserved, from a frozen Siberian swamp. 

On Tuesday, July 27, the entire Congress was taken for a day’s 
trip on the new Moscow-Volga Canal which had been opened by 
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Stalin only a fortnight previously. The Canal is an impressive 
piece of work, and forms the final link in a chain of interior water- 
ways which now unites the White Sea, the Baltic, the Black Sea, 
the Sea of Azov, and the Caspian. In the evening we returned to 
a banquet and entertainment given by the Moscow Soviet in the 
Khimki terminal canal station. 

Next evening the Congress attended a Government reception 
in the Kremlin which was held in the great white marble hall of 
St. George. Molotov, Commissar for Home Affairs, was in the 
chair. Molotov and Mezhlauk extended welcomes on behalf of the 
Soviet Government, and Hr. Philip S. Smith (U.S.A.), Dr. E. B. 
Bailey (U.K.), and Professor Jacob (Prance) replied on behalf of 
foreign members of Congress. At intervals during the banquet 
the visitors were given a magnificent entertainment by the great 
Moscow Orchestra of 120 performers, and by a long succession of 
stars from the Moscow opera, ballet, theatre and music hall. 

The third and final plenary meeting of Congress was held on 
Thursday, July 29, at which it was decided to hold the next Inter- 
national Geological Congress at London in 1940. 

The sectional work of the Congress was voluminous and in- 
vigorating. Even a superficial perusal of the published volume of 
Abstracts of Papers (English -French edition, 240 pp.) shows that 
Soviet geology is vigorous and flourishing. The Organisation 
Committee of the Congress had suggested nine main subjects for 
discussion. Those were : 

1. The Petroleum Problem and the Petroleum Resoixrces of the 

World. 

2. Geology of Coal Fields, 

3. The Pre-Cambrian and the Mineral Deposits in the Regions 

of its Development. 

4. The Permian System and its Stratigraphic Position. 

5. Correlation of Tectonic Ifrocesses, Magmatic Formations and 

Ore Deposits. 

6. Tectonics of Asia. 

7. Problems of Geochemistry. 

8. Geophysical Methods in Geology. 

9. Geology of the Arctic Regions. 

Prom the volume Abstracts of Papers which was published in a 
Russian as well as in an English-French edition, we find that 
“ The Petroleum Problem and the Petroleum Resources of the 
World ^ attracted 48 papers, of which no less than 48 were by 
Russian authors, who gave collectively a very complete conspectus 
of the oilfields, old and new, of the U.S.S.R., and of new methods 
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of prospecting and of estimating oil reserves. The discussion on 
the “ Geology of Coal Fields ’’ produced 42 papers, of which all 
but six were by Russian authors, and dealt with the geology, 
tectonics, palaeontology, petrology and resources of the vast Soviet 
coal regions. Thirty-three papers were contributed to the section 
on “ The Pre-Cambrian,'’ of which 25 were by Russian authors, 
and 24 dealt witli tlie stratigraphy, tectonics, petrology and ore- 
deposits of the Pre-Cambrian of the U.S.S.R., the remaining paper 
dealing with a nomenclatorial question. The “ Permian System 
and its Stratigraphic Position ” was dealt with in 60 papers, of 
which 41 were by Russian investigators, giving a complete sum- 
mary of the Permian system throughout the U.S.S.R., with notes on 
palaeontology, conditions of sedimentation and ecionomic materials. 
A valuable series of 65 papers on the “ C/orrelation of Tectonic 
Processes, Magmatic Formations and Ore Deposits ” was given, of 
which 33 were by Russian authors. This subject, with its wide 
general appeal, naturally attracted a largo proportion of foreign 
authors. Not the least valuable feature of this series was a num- 
ber of papers on the distributional relations of igneous rocks and 
ore deposits in various parts of the IJ.S.S.R. Of the 49 papers 
presented to the section on ‘‘ Tectonics of Asia," only 29 were 
Russian, and some of these dealt with European Russia. Several 
of the remainder treated general tectonic problems ; others des- 
cribed the tectonics of China, Japan, Java, the Himalayas, Iran, 
Arabia, Anatolia, N.W. Africa, and the West Indies. Twenty 
papers were given in the section on Problems of Geochemistry," 
16 of which de^ilt with Russian ore deposits and petrographical 
fields. Some of these papers could have been placed with equal 
propriety in the section on Tectonic Processes, Magmatic Forma- 
tions and Ore Deposits. To the section on (Geophysical Methods 
in (Geology " 26 papers were presented, of which 21 were by Russian 
authors, but only eight dealing with specifically Russian topics. 
Papers on radioactivity and geology, and on the determination by 
radioactivity methods of the ages of minerals and of the earth, 
were included in this section. The “ Geology of Arctic Regions " 
produced 17 papers, of which all but one were by Russian authors 
and dealt with the Arctic regions of the U.S.S.R. 

In addition to the above a symposium on ‘‘ Pateozoic and Pre- 
Cambrian Climates " was held, to which 25 papers were contributed. 
This produced, among others, a most interesting series of papers 
on Palfisozoic and Pie-Cambrian glacial deposits of world-wide 
distribution, but only three papers were specifically Russian. There 
were also 80 papers in a concluding section headed “ Miscellaneous," 
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some of which might have found places in preceding sections. 
Probably these papers arrived too late for classification, as certainly 
did a series of 22 papers published in an “ Additional Abstracts of 
Papers ” of 16 pages. Thus, in all, 422 papers were presented to 
the (IJongress, of which 304, or 72 per cent., were by Russian authors. 
These dealt chiefly with Russian geological subjects, the remainder 
being on more general topics. 

From a perusal of Abstracts of Papers it seems clear that, while 
some of the new Russian material is of purely local interest, much 
of it is of more than local importance, and is worthy of incorpora- 
tion in the general body of geological science. It is to be hoped, 
therefore, that when the papers come to be published in full in 
the Proceedings of the Congress, they will be written in English, 
French or German ; or if, as will no doubt be necessary, there is 
a Russian edition for internal consumption, there should also be a 
non-Russian edition for the benefit of those foreign members — the 
great majority — to whom Russian is a sealed book. 

The Congress exclusions had been in preparation for two years 
and were, from all reports, and from my own experiences, very 
efficiently conducted. They varied in length from 19 to 36 days ; 
the shorter came mainly before, the longer after the Congress at 
Moscow. The excursions were as follows : 

Before the Congress : 

A 1. The Northern Excursion to Russian Karelia and the Kola 
Peninsula. 19 days. 

A 2. The Southern Excursion, visiting the Kursk Magnetic 
Anomaly District, the Donetz Coal Basin, the Crimea 
and the Ukraine. 19 days. 

A 3. The Volga Excursion (cancelled). 

A 4. The Caucasus Excursion. 19 days. 

A 5. The Permian Excursion, visiting the Volga Region in the 
neighbourhood of the Samara bend, the southern Urals, 
and the classic Perm Region. 19 days. 

After the Congress : 

C 1. The Petroleum Excursion, visiting the new Volga and 
western Ural oil-fields, Azerbaijan, Daghestan, North 
Caucasus, Maikop, Baku and the Taman Peninsula. 
35 days. 

C 2. The Siberian Excursion, visiting the Urals in the triangular 
area between Sverdlovsk, Cheliabinsk and Ufa, the Novo- 
sibirsk region and the Kuznetzk Coal Basin in West 
Siberia, the gorge of the Yenesei between Krasnoyarsk 
and Minussinsk, and the Mongolian autonomous district 
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of Khakassk in south central Siberia. 35 days. (This 
excursion was originally planned for 50 days, and was 
intended to visit Lake Baikal and Vladivostok, but the 
latter part was cancelled owing to the political troubles 
in the Far East.) 

C 3. Excursion to Novaya Zemlya in the Arctic Ocean. 23 days. 

C 4. The Urals Excursion, visiting the metalliferous belts of the 
central and southern Urals. 22 days. 

C 5. Short excursion to localities near Moscow. 3 days. 

The enormous distances of the U.S.S.R. made necessary the employ- 
ment of special trains on which the excursionists lived and slept. 
Foot, riding, motor and steamer excursions were made at selected 
points from the train. Henceforward I am writing of my own 
experiences. Wherever possible the train was halted for the night 
on sidings, and at every such halt two armed policemen unobtru- 
sively patrolled the train, probably to protect us from unauthorised 
intrusion. At every important town there was a municipal 
reception, and at provincial capitals wo were usually entertained 
to a banquet by the local authorities. At Krasnoyarsk in Siberia 
a new siding adjacent to the building in which the reception was 
held had been built for the Congress train, and the whole enclosed 
by a high wooden paling. The purely geological outings were 
interspersed with visits to museums, state and collective farms, 
and various social institutions. At every main halt on the railway, 
and over the entrances to mines, quarries, industrial plants, collec- 
tive farms, or institutions that we visited, was a strip of red bunt- 
ing with the inscription : Welcome to the 17th International 

Geological Congress in English, French and Russian. This was 
sometimes supplemented by a quotation from a speech by Stalin : 
“ Science is called science just because it recognises no fetishes, 
and does not fear to raise its hand against everything that is obsolete 
and antiquated, and listens attentively to the voices of experience 
and practice,” also in the above three languages. 

Everywhere the most elaborate preparations had been made for 
our comfort, and for easy and rapid inspection of outcrops, quarries, 
railway cuttings and mines. New plankways made the rough places 
smooth ; new wooden stairways and bridges facilitated the ascent 
and descent of railway embankments and quarry faces ; sections 
were newly out in mines or cleaned of accumulated mine dust and 
mud, and powerful arc lamps were installed at critical points. At 
Btalinsk thousands of tons of rock had been excavated from the 
side of a hill to expose a clear section of the coal measures of the 
Kuznetzk Basin. At most points of geological interest boards had 
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been erected on which were displayed plans, sections and maps, 
and an abundant supply of museum specimens of minerals and 
rocks had been already prepared for our acceptance. Twenty '■four 
well-printed and well-illustrated guide books in a Russian, and in 
a French and English edition, were provided to elucidate the 
geology of the regions visited. A manager, courier, and a number 
of interpreters accompanied each excursion. While the quality of 
the leadership naturally varied, it was, on the ^yhole, excellent. 

The organisation that sustains and directs the greater part of 
the vast and varied geological activity in the U.S.S.R. is the Cen- 
tral Institute of Ceology and Prospecting which has its headquarters 
in Moscow, and is included under the Peoples’ Commissariat of 
Heavy Industries. It is said that no loss than 6000 geologists (one 
account said 12,000) were in the field during 1937. The Central 
Geological Research Museum (the Tchernychev Museum) at Lenin- 
grad is perhaps the most important institution under the segis of 
the Central Institute ; but there is a large number of provincial 
museums and provincial “ Geological and Prospecting Trusts ” 
which are quasi-independent, and whose relations to the Central 
Institute are hard to define or, at any rate, difficult to make out. 
Guide books describing the functions and work up to date of both 
the Central Institute and the Tchernychev Museum were issued to 
members of Ck>ngress. 

The old Geological Cx)mmittee, founded in 1882, was entrusted 
with the task of preparing the geological map of European Russia, 
but the money and personnel allotted to it were totally insufficient 
to achieve this aim. Nevertheless it served the purpose of bring- 
ing into European prominence a galaxy of brilliant Russian geolo- 
gists of whom A. Karpinsky, Th. Tchernychev, P. Loewinson- 
Lessing and V. Obruchev achieved world- wide fame. In 1918 only 
10-26 per cent, of the country was geologically known ; only 0-26 
per cent, was covered by geological maps on the scale of 1 : 200,000 
and only 0-45 per cent, on the scale of 1 : 10,000. After the Revolu- 
tion the Geological Committee took on a new lease of life and played 
a great part in the economic reconstruction of the coimtry. In 
1929 the Geological Committee was completely reorganised into a 
series of institutes that dealt respectively with geological surveys, 
metallic ores, coal, non-metalliferous deposits, hydrogeology, geo- 
physics and borings. Two years later the Central Institute of 
Geology and Prospecting was organised and took over the whole 
of this work. Enormous sums of money have been allocated to 
geological work by the Soviet Government. It is stated that in 
1936 alone more than one milliard of roubles was allotted in the 
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U.S.S.R. for geological and prospecting work.^ The budget of the 
Central Institute has increased from 2,886,000 roubles in 1931 to 
more than 12,000,000 roubles in 1936. The scientific personnel of 
the Institute numbers 600. 

The organisation of the Institute is based on the principle of 
division into regional and specialised groups which, between them, 
undertake geological work of all kinds over the whole territory of 
the U.S.S.R. There are 20 of these groups distributed as follows : 

Regional groups : European Russia ; Crimea and Caucasia ; 
Urals and Bashkiria ; Siberia ; Kazakstan ; Central Asia ; the 
Soviet Far East ; and Yakutia. 

Specialised groups : Geology and tectonics ; petrology and 
mineralogy ; palsoontology and stratigraphy ; ores of tin and the 
rare metals ; non-metalliferous deposits ; fuels (with section on the 
petrography of coal) ; metallic ores (with a minerographical labora- 
tory) ; lithology (? building stones and road metals) ; geochemistry ; 
hydrogeology ; geophysical methods of prospecting ; boring and 
mining ; statistics of mineral resources and maps. 

The above-mentioned pamphlet goes on to describe in some 
detail the enormous amount of geological work that has been 
accomplished in each of these branches. It is impossible to give 
details here, and it may be sufficient to say that a new general 
colour-printed geological map of the U.S.S.R. in eight sheets on 
the scale of 1 : 6,000,000, based on the recent work of the Institute, 
was presented to every member of the Congress. It is beautifully 
executed and excited general admiration. 

The work of the Central Geological and Prospecting Scientific 
Research Museum (Tchemychev Museum), to give it its full title, 
at Leningrad, is described in a Oen&ral Guide to the Museum (Eng- 
lish edition, 77 pp.), which was issued to members of Congress. 
The inception of this museum dates from the formation of the old 
Geological Committee, but the fine building in which the oollec- 
tions are now housed was only completed in 1914. Its staff now 
numbers 62, and its budget for the years 1931-36 amounted to 
between 300,000 and 400,000 roubles per annum. The general aim 
of the museum is to illustrate the geological structure of the U.S.S.R. 
and its mineral resources. In more detail it is intended (1) to 
acquaint the trained geologist and prospector with what has already 
been done in regard to the geology and mineral resources of the 

‘ This is hard to credit, and there is probably some mistake. A milliard 
(1,000,000,000) of roubles is £40,000,000 at the tourist rate of exchange, and 
over £10,000,000 at the real rate. The statement appears in the pamphlet 
VlnsHM dt Oiologie et du ProspecHon (1037, p. 2), issued to the Oongress. 



SOIBNOK PROGRESS 


488 

U.S.S.R. ; (2) to assist in the training of new cadres of geologists 
and prospectors ; and (3) to promote wide popularisation of geo- 
logical knowledge among the Soviet workers, and help them to 
understand the basic importance of the science in the fulfilment 
of the successive Five-Year Plans. The last-mentioned aim is 
regarded as one of the most important functions of the museum, 
and is carried out by moans of numerous simplified headings, 
legends, labels and explanatory notes on the exhibits, the organisa- 
tion of popular exhibitions in the museum and of circulating exhi- 
bitions, ordinary lectures and cinema lectures, and of geological 
excursions for the general public in the environs of Leningrad. 
Furthermore, the museum sends out special parties and larger 
expeditions with the objects of securing new collections, as well 
as completing and duplicating existing collections. 

The great Museum of Mines at Leningrad was also the subject 
of a special guide-book (in French) which was issued to the Con- 
gress. This museum was initiated soon after the establishment of 
the St. Petersburg Institute of Mines in 1773. It was visited by 
the Congress and its magnificent exhibits were greatly admired. 
The exhibits are grouped in four main sections : mineralogy ; 
mining technique ; geology ; and petrography. The mineralogical 
section comprises the sub-sections of geochemistry, crystal struc- 
ture and chemistry, systematic mineralogy, genetic mineralogy, and 
artificial minerals (slags, cements, etc.) ; the geological section is 
divided into sub-sections dealing with the Quaternary, Tertiary to 
Pre-Cambrian, vertebrate palaeontology, invertebrate palaeontology 
with palaeobotany, and physical geology ; the petrographical sec- 
tion has two sub-sections on ore deposits in general, and the mineral 
deposits of the Leningrad Province (which includes the Kola 
Peninsula) and Karelia. 

Many excellent provincial museums were visited during the 
Congress excursions, but there is only space enough to mention 
two of these which were seen by the author, namely, the local 
museum of Kirovsk, the new phosphate town in the Kola Peninsula, 
which contains one of the finest collections of rare minerals and 
rare-earth minerals in the world ; and the brand-new Urals Greo- 
logical Museum at Sverdlovsk which was completed just in time 
for the visits of the Uralian and Siberian excursions. The exhibits 
in this great museum completely cover the geology, tectonics, 
petrology, mineralogy and ore deposits of the whole vast length of 
the Urals from the Arctic to the Caspian. 

The U.S.S.R. Academy of Sciences carries on a very consider- 
able amount of geological research, but the relations of its geological 
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sections with tlie Central Institute of Geology and Prospecting are 
obscure, and it was gathered that there was a certain amount of 
rivalry between the two institutions. From an article in NaMire 
(Jan. 16, 1937) on The U.S.S.R. Academy of Sciences an^d the 
Third Five-Year Plan we learn that one function of the Academy 
is to study the natural resources and productive forces of the 
country, and to promote their rational utilisation. Geology and 
ore deposits would naturally come within tliis field of activity. 
Expeditions are sent out and branches of the Academy have been 
established in various regions to direct the work of prospecting and 
surveying. The first preliminary general survey of the geological, 
chemical and economic resources of the country has already been 
completed. With regard to the Third Five-Year Plan, the activities 
of the Academy are to be directed to ten main problems, of which 
the first is to develop geological, geochemical and geophysical 
methods of prospecting for useful minerals, particularly tin, rare 
metals and oil. The Academy sustains a number of great museums 
and research institutions, such as the Lomonossov Institute, the 
Petrographical Institute directed by Loewinson-Lessing, the famous 
doyen of Russian petrology, the Soil Institute, and the Geological 
Institute with its museums, the Karpinsky Museum and the 
Palaeontological Museum. 

The great monograph on the Minerals of the Khibina and Lovozero 
Tundras (Russian), published by the Lomonossov Institute of the 
Academy of Sciences, illustrates extremely well the degree of co- 
operation that obtains between various Soviet research institutions 
in attacking a specific problem. This work has also been published 
in an abridged English edition (1937, 162 pp.), which gives a brief 
account of the petrography of this wonderful region of alkaline 
igneous rooks, and a detailed account of the crystallography and 
optical properties of its numerous rare minerals. 

The preface to the English edition recounts the history of 
research in this region, and from it we gather that in 1920 the 
U.S.S.R. Academy of Sciences, in collaboration with the Institute 
for Northern Exploration (? the Arctic Institute), began a systematic 
study of the petrology and mineralogy of the great ring-shaped 
massifs of Khibina and Lovozero under the general direction of 
A. E. Fersmann. The abundance of apatite-rich rocks in the 
Khibina ma^ was established in 1925, and their first sampling on 
a commercial scale took place in 1928. In 1929 a comprehensive 
economic development of the Khibina region was inaugurated. 
The Scientific Institute of Fertilisers began commercial prospecting 
for apatite and nepheline rocks, and the Apatite Trust began the 
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technical and induatrial development. They built new villages and 
the new town of Kirovsk, now approaching a population of 40,000. 
Hundreds of miles of electric railways were (ionstructed, linking 
Kandalaksha at the head of the White Sea with Murmansk and 
Kirovsk. Tliree other organisations, the Central Geological and 
Prospecting Institute, the Rare Metals Trust, and the Leningrad 
Greological Trust, have joined in the work. 

Thus, at the present time, owing to the close collaboration of the 
seven above-mentioned scientific, industrial and technical organisa- 
tions, apatite (phosphate ore) is being mined at the rate of 2,000,000 
tons per annum, and a reserve of 2,000,000,000 tons has been 
established. I regard the Kukisvumchorr Apatite Mine, developed 
in eight years, as one of the industrial wonders of the world. There 
are over 20 miles of underground galleries seven feet in height, 
electrically lit, and with electric haulage. A tunnel which admits 
the ordinary freight train has been excavated to the heart of the 
ore mountain to facilitate loading. The mineral nepheline is also 
mined for use in the ceramic industry, and for its content of potash 
as fertiliser. The new mineral lovchorrite, a massive form of rin- 
colite, chemically a fluorine-bearing titanosilicate of calcium, stron- 
tium and sodium, with up to 20 per cent, of rare earths, is mined 
from pegmatites at the rate of several hundred tons per annum. 
The new mineral loparite (titanoniobate of cerium, calcium and 
sodium) also occurs in deposits of economic importance. Sphene 
is mined at the new Yukspor mine, but for what reason is unknown. 
The social and industrial development of the region which, nine 
years ago, was a desolate Arctic waste peopled by a few Lapp 
families, has kept pace with its technical and scientific development. 

In conclusion, we may remark on the means of publication, old 
and new, whereby the enormous volume of new Soviet geological 
work is transmitted to the general and scientific public. All Soviet 
newspapers and magazines publish popular accoimts of new scien- 
tific developments, and geological articles are very frequently 
encountered in the popular press. As regards scientific publication 
the Central Institute has its own Transactions of the United Geological 
and Prospecting Service of the U.S.S.B. published in fascicules. 
Provincial geological trusts have their own publications, such as 
the Bulletin of the Geological and Prospecting Trust of West Siberia, 
published in Tomsk. Problems of Soviet Geology is a publication 
of short general and special articles which has appeared in annual 
volumes consisting of several parts since 1931, under the auspices 
of the Central Institute of Geology and Prospecting. It resembles 
the supplementary volumes of the Summary of Progress published 
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by the Geological Survey of Great Britain. The U.S.S.R. Academy 
of Sciences publishes many geological papers in its Bulletin and 
Comptes Bmdm, and its various institutes publish memoirs such as 
that above-mentioned on the “ Minerals of the Khibina and Lovo- 
zero Tundras ” which appeared under the auspices of the Lonionos- 
80 V Institute. A BuUeMn of the Kamchatka Vokanological Station 
has recently been started under the auspices of the Loewinson- 
Lessing Petrographical Institute, the first number of which has 
been published in an English translation. The Institute of Geology 
of the Academy of Sciences of the Ukrainian S.S.R. publishes a 
Journal of Geology on the same lines as Problems of Soviet Geology, 
which has reached its third annual volume. 

A number of publications appear to be independent of the two 
main organisations of geological research, but they may be subject 
to supervision by them, and are almost certainly subsidised by the 
State. Among these are the Memoirs of the Russian Mineralogical 
Society, of which a special volume was published for the 17th Inter- 
national Geological Congress, containing a number of reviews of 
progress in various branches of mineralogy and crystallography in 
the U.S.S.R. during recent years. V. Sobolev’s paper “ Progress of 
Petrography in the U.S.S.R. for the last 20 Years (1917-37) ” is 
translated in extenso into English ; and D. S. Korjinsky’s important 
paper on “ Dependence of Mineral Stability on Depth ” is similarly 
treated. A series of Transactions of the All-U nion Scientific Research 
Institute of Economic Mineralogy (octavo) is published ; and I find 
among the literature acquired dwing the Congress a paper in small 
quarto size by N. Fedorovsky on “ Prog^^)s des Instituts scientifiques 
de I’U.R.S.S. dans le doraaine de la min^ralogie appliqu6e ” (pp. 
983-1002), which has obviously come from a large volume, but 
there is no indication of the publication in which it appears. 
Geological papers are published in the Bulletin of the Society of 
Naturalists of Moscow, Geological Section ; and many of the Trans- 
actions of the Arctic Institute are devoted to geology. This survey 
of Russian geological literature and publications is necessarily in- 
complete, for numerous technical and industrial organisations also 
publish geological work. The great majority of the papers are 
published with short summaries in Enghsh, French or German. 



RECENT ADVANCES IN SCIENCE 

MATHEMATICS. By J. H. C’. Wuiteuead, M.A., Balliol College, 

Oxford. 

The Theory of Groups : 1. — Groups first came to be recognised 
as such in the form of transformation groups. A set of (1 — 1) 
transformations of some set of objects into itself is called a group if 

1. The resultant of any two transformations in the set also belongs 

to the set. 

2. The inverse of each transformation in the set also belongs to 

the set: 

For example, taking the objects which are transformed, to be 
integers, the set of transformations given by w— ►/„(») — n + a, 
where a is any integer, constitute a group. For, denoting this 
transformation by T„, the resultant Tj,T„, of followed by Tj, 
is and T„“‘, the inverse of T„, is T_„. Examples of sets of 
transformations which are not groups are the set of all transforma- 
tions T(„ where o ^ 0, and of all transformations where r is 
any integer, positive or negative. In the first case the first, but 
not the second, condition is satisfied and in the second case the 
second condition, but not the first. 

Groups played an important part throughout the last century 
in many branches of mathematics. In geometry they were used 
by Klein as the basis of his famous answer to the question, “ What 
is Geometry ? ” For Klein a space was a set of objects, called 
points, in which there is a definite transformation group. The 
geometry of such a space is the study of properties which are in- 
variant under the transformations of the group. In other words, 
if a “ figure ” is taken to mean a set of points in the space, two 
figures F and F', are described as “equal,” or “equivalent,” if 
there is a transformation of the group under which F corresponds 
to F'. Thus the conditions for a group give us the conditions which 
are familiar in Euclidean geometry, 

1, If F = F and F' =* F”, then F = F". 

2. If P = F' then F' = F. 

It follows that figures fall into mutually exclusive classe#, two 

402 



MATHEMATICS 


493 


figures belonging to the same class if, and only if, they are equiva- 
lent, and an invariant of the group is some property that is shared 
by all the figures in any one of these classes. For example, the 
property of being a right-angled triangle is invariant under the 
Euclidean group in the plane, consisting of transformations of the 
form 

X* ~ X cos 0 — y sin 6 + 

y' = a; sin 0 y y cos 0+6. 

Projective geometry is the study of properties which are unaltered 
by the group of projective transformations, and inversion geometry, 
and other standard types of geometry (hyperbolic, elliptic, etc.), 
may be similarly defined. 

Groups also figured largely in the theory of functions, the theory 
of algebraic equations, the theory of differential equations and in 
various branches of physics. For example, the characteristic 
property of elliptic functions is double periodicity, meaning that 
f{z*) = f(z) if z ^ x + iy corresponds to z' = x' + iy' in some trans- 
formation of the group 

x' X + mxy y' = y + n/S, 

where m and n are integers and a and are the periods. From 
this point of view elliptic functions appear as a special case of auto- 
morphic functions, which are invariant, in the sense just described, 
under the transformations of some discrete group. 

In the theory of algebraic equations the group of permutations 
of the roots is important. Thus a symmetric function of the roots 
is one which is invariant under the transformations of this group. 
The Lie theory of continuous groups was largely developed for its 
application to partial differential equations and differential in- 
variants. In physics the electro-magnetic theory of light, and later 
special relativity, is based on the theory of invariants under the 
l^rentz group. Also any kind of symmetry {e.g. in the theory of 
crystal structure or, more recently, where spherical symmetry is 
required in cosmology) is a form of invariance under the trans- 
formations of some group. 

Thus transformation groups played a leading part in the develop- 
ments of the last century. Early in this century it was realised 
that groups could be studied “ abstractly ” or, better perhaps, 
** intrinsically,^' as a set of objects which combine according to a 
certain “ abstract " law of multiplication. Nowadays a group is 
usually defined as a set of one or more objects, called the elements 
of the group, which satisfy the following conditions : 
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1. With any ordered pair a and 6, is associated a third, which 

is denoted by ah (in general ah ^ba), 

2. The associative law holds. That is to say 

a{bc) = {ab)c, 

3. There is at least one element, 6, called a (left) unit element, 

such that 

ea = a 

where a is any element in the group, e being independent of a. 

4. To each element a, and any (left) unit element e, corresponds 

at least one element called a (left) inverse element 
of a, such that 

a~^a ™ e. 

From induction on n and the second condition it follows that 
the product ai . . . of any ordered set of n elements is uniquely 
defined as 

- (ai . . . 

= (a, . . . a,.) (a^^ i . . . a J 

for any value of i (i = 1, . . ., n — 1). 

Replacing a by any left inverse element corresponding 
to a and e, and writing a~^a for e in 3, we have 

Multiplying on the left by an element a*, which is a left inverse 
corresponding to a~^ and e, we have 

eaar^ = e. 

Since e{aa~^) = aa~^, it follows that 

= c. 

That is to say, a is a left inverse of and is also a ‘‘ right ** 
inverse of a. From this it follows that 

ae = a(a'~^a) = (aa^^)a = ea == a. 

Therefore any left unit element is also a “ right unit element. 
From these results it follows that any equation of the form 

ax = by 

where a and b arc given and x is an unknown element in the group, 
has at least one solution, namely a” ^6. For 

a(a''^b) = (aa~^)6 
= eh 
= 6. 
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Similarly, using the fact that any left-unit element is also a right- 
unit element, we have 

(6a~^)a = b{a^^a) 

== 6c 

= 6. 

Therefore the equation 

xa ^ b 

is satisfied by 6a “ ^ Moreover, these solutions are unique. For 
if ax ax' we have 

X — ex — (a~^a)x — a~^(ax) ^ a“^ (ax') 

= (a~^a)x' ~ ex' == x'. 

Similarly if xa -= x'a we deduce that x = x'. Therefore there is 
only one unit element. For if e and e' are unit elements we have 
oc' = a = ac, whence e' = e. Similarly there is only one element 
which is the inverse of a given element. For if a' and a" are in- 
verses of a, we have a'a = c == a"a, and it follows that a" ~ a'. 
Notice that e is its own inverse. For if e' is the inverse of e, we 
have 

e'e e -- ee 

and from e'e = ee we deduce e' = c. 

These are the first fundamental theorems which follow from 
the axioms 1-4, namely : 

Theorem 1. There is a unique unit element and ae ea a, 
where a is any element in the group. 

Theorem 2. Each element a, has a unique inverse a“‘^ and 
aa~^= a~^a = e. 

The systematic study of abstract groups may be said to have 
been originated by L. E. Dickson (“ Definition of a group and a 
field by independent postulates,’’ Trans, American Math, Soc.y 
1906, 198-204). Dickson’s axioms wore the forerunners of a great 
variety of axioms for groups and other algebraic systems (rings, 
fields, etc.). A. Speiser’s Theorie der Oruppen von endlicher Ordnung, 
Berlin (1927), and B. L. van der Waerden’s Modeme Algebra, 
Berlin (1930), are two of the best books on these matters. 

ASTRONOMY. By R. W. Wriowcy, M.A., F.R.S.E., Royal Observatory, 
Edinburgh. 

Thk Stars njcaribst to the Sun. — ^The stars in our own neighbour- 
hood offer an opportunity for intensive study of a sample of the 
sidereal universe, and, though the sample may not be absolutely 
typical of thb whole, yet a complete knowledge of the contents of 
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the sphere which has the sun as centre and a radius of 10 parsecs 
must obviously be most valuable and suggestive. At present such 
knowledge is not quite within our reach. In the Astronomical 
Journal, No. 1066, Louise F. Jenkins gives a list of the 127 stars, 
which, with their companions, are known to be situated in this 
sphere. She has arranged them in order of distance, and tabulates 
the parallax, absolute magnitude, proper motion, and radial velocity 
of each star. A short inspection of the table suggests that these 
127 stars cannot represent the complete contents of the sphere, for 
they show no sign of the uniform distribution which would naturally 
be expected. If the whole sphere be divided into a central portion 
and nine concentric shells, all of equal volume, the number of stars 
in each varies considerably, as appears from the following table : 


TJmitjj of Parallax. 

No ofHUra. 

Exoooding 0"'*2ir) 

26 

0'-216 

to 0"-171 

17 

(r-170 

„ 0"150 

14 

(ri49 

0"138 

11 

0^135 

0^128 

10 

0^125 

(rill) 

8 

0^*118 

o''*n3 

10 

0"'ll2 

(rio8 

7 

crio7 

0^*104 

11 

0^-103 

(r-ioo 

7 


Thus, if the distribution in the central portion were maintained 
throughout, the total number of stars would be doubled, while there 
are also inequalities in different regions of the central portion itself. 
Further, of the stars nearer than 6 parsecs, 64 per cent, are fainter 
than absolute magnitude 10, while, if the distance be doubled, the 
percentage of faint stars falls to 36. There seems no doubt, there- 
fore, that many stars in our neighbourhood have escaped detection, 
and Miss Jenkins estimates that less than one-fourth of the stars 
actually within 10 parsecs of the sun have been included in her 
catalogue. 

Of the 127 stars 25 are binaries, giving the high ratio of nearly 
20 per cent. Over the whole sky, one star in nine of those visible 
to the naked eye and only one in eighteen if stars down to the ninth 
magnitude are included appears as a visual double, for naturally a 
more distant system can only be recognised as double if the com- 
ponents are more widely separated. 

The table shows an enormous range of luminosity in the 127 
stars. Vega, of spectral type AO, is the most brilliant, and emits 
2,500,000 times as much light as the M6 star, Wolf 369, whose 
absolute magnitude is only 16-6. There are no stars in the list of 
spectral classes 0 and B, and the only other of type AO is Sirius. 
With four exceptions, all the stars follow the main sequence. These 
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four comprise Pollux which is a K-type giant ; van Maanen’s star, 
which is one of the smallest known and has a volume comparable 
to that of the earth ; and the companions of Sirius and 0* Eridani. 
The last three are all white dwarfs. Of the 127 stars in the , table 
only 20 are intrinsically brighter than the sim, which therefore may 
be taken as larger and more brilliant than the groat majority of 
the ordinary inhabitants of space. 

We have, indeed, no evidence against the existence in space 
of very faint stars in very large numbers, and it is quite possible 
that some of these may be in the sun’s near vicinity. Ever since 
the discovery of Proxima Centauri by Innes in 1915 speculation has 
been rife regarding the possible presence of one or more of such 
stars, which must necessarily be very faint. In his Presidential 
Address to the Astronomical Society of South Africa (Journal of 
Aat. Soc. of 8, A., 4, 69), Dr. John Jackson made some suggestions 
regarding this possibility. Any star with one-hundredth of the 
brightness of the sun and parallax I"" would be easily visible to the 
naked eye, and would surely have been detected ere now. If a star 
at that distance were a binary with mass similar to that of the 
sun the period of the system would be only one year for an apparent 
separation of V, and only 12 years for a separation of Its 
nearness would therefore be indicated by the orbital motion. It 
seems, therefore, that any star nearer than Proxima must be single, 
one thousand times less luminous than the sun, and probably moving 
through space with a similar parallel velocity, thus showing practic- 
ally no proper motion. Such a star might be very difficult to detect. 
If the sun had a companion accompanying it, as Proxima accom- 
panies a Centauri, it would have a parallax of 20"', and would 
probably have been found long ago. Even if it were nearly 200 
times fainter than the exceptional star Wolf 359 it would still be 
of apparent magnitude 12, and therefore readily visible on photo- 
graphic plates. Dr. Jackson points out that an absolutely dark 
Btaa: within a few thousand astronomical units of our system could 
not infallibly be detected by its gravitational attraction. Even if 
near enough to have a parallax of lOO"" and comparable in mass 
with the sun it would produce no perceptible perturbations in the 
solar system, while its influence on the sun itself could not be 
distinguished from the well-known solar motion. His conclusion 
is that any unknown near neighbour of the sun must be intrinsioally 
very faint, its mass may be anything, and the only method of dis- 
covering it is by a comparison of photographs by which its unusual 
nature may be revealed. 

Another near neighbour of the sun, discovered by W. J. Luyten 
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since the publication of Miss Jenkins’ list, is announced in the 
Astronomical Journal, No. 1070. It is a very faint star, with a 
proper motion of 3''*27. The material as yet available is insufficient 
for a reliable determination of the parallax, and the value obtained, 
O'^’SS, will probably need some modification. If, however, it is 
correct, and assuming that it is a red star, the absolute visual 
magnitude must be about 16, placing it among the faintest stars 
known, and very little, if any, brighter than Wolf 359. 

The Lunar Craters. — Various explanations have been suggested 
for the strange appearance of the surface of the moon, with its 
level areas or “ maria,” its jagged mountain ranges, and, most 
remarkable and conspicuous of all, its thousands of craters,” 
ranging in size from great walled plains nearly 150 miles in diameter 
to small pits scarcely visible to powerful telescopes. The name 
” crater ” at once suggests an analogy with terrestrial volcanoes, 
but the larger lunar formations are immense by comparison, their 
floors are beneath instead of above the level of the surrounding 
country, high mountain peaks often appear in the centres, and 
smaller craters are frequently superposed on the interiors or walls 
of the larger ones. After allowing for the small surface gravity 
on the moon, the disparity in size between say Clavius and Vesuvius 
is still sufficient to be a serious objection to the volcanic theory of 
origin. The alternative suggestion that the craters have been 
produced by the impacts of meteorites has received considerable 
support. Similar formations on a small scale have been artificially 
obtained in various ways, possibly the earliest by Robert Hooke 
when he dropped bullets on to wet tobacco-pipe clay. The chief 
objection to the theory has been that the craters are circular and 
not elliptical, it being argued that the former could be produced 
only by meteors falling perpendicularly, whereas the vast majority 
would make an oblique impact. N. S. Shaler took the view that 
the impact of a meteorite on the lunar surface could produce heat 
enough to liquefy a large area, which, on solidification, would form 
an extensive dark-coloured level plain, obliterating the original 
surface features. He, therefore, considered the maria, not the 
craters, to have a meteoritic origin. 

In Scientia, 1930, August, A. C. Gifford strongly maintains that 
meteorites are also responsible for the craters. He points out that 
the famous Meteor Crater near Canon Diablo in Arizona, and the 
more recent fall in Siberia on June 30, 1908, show that large masses 
are still traversing neighbouring space, and, according to the Planet- 
esimal Theory of the origin of the Solar System, must have been 
much more numerous in earlier days. The violent impact of these 
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masses on the surface of the moon, unprotected by any atmospheric 
envelope, would release energy sufficient not only to liquefy but to 
vaporise both themselves and the adjacent matter of the moon’s 
surface. The resulting terrific explosion would drive most of the 
material horizontally, thus forming the crater wall, while the matter 
which was hurled vertically upwards would eventually fall back 
and form a central peak. On this theory oblique impacts as well as 
perpendicular ones would produce circular craters. Gilford calcu- 
lated the energy of a meteorite travelling at a speed of 20 miles a 
second to be over one hundred times that of an equal mass of 
dynamite, and, assuming the amount of material scattered by the 
explosion to be 50,000 times the mass of the meteorite, he showed the 
possibility of a resulting crater of diameter comparable with those 
actually observed on the moon. Such an explosion would reduce 
much of the material to a white powder, which would account for 
the whiteness observed on many craters, whereas a dark surface 
would be produced by the solidification of the material which had 
merely been reduced to a molten state. The bright streaks radiating 
from Tycho and some other craters were explained on the assumption 
that the lunar crust was cracked, allowing molten matter from the 
interior to be driven through to the surface where it solidified in 
a crystalline form. 

Gifford’s theory has received support from the discovery of 
further terrestrial meteorite craters at Henbury in Central Australia 
in 1931, and at Wabar in Arabia in 1932, for these formations have 
clearly been produced by gaseous explosions, and not by the force 
of simple impact. In Nature, 139, 655, Dr. L. J. Spencer discusses 
the bearing of these new discoveries on the limar problem. From 
an examination of materials collected at Wabar it is clear that the 
heat generated at the impact of the meteorite not only molted the 
desert sand into a silica glass but actually vaporised it. The 
meteoritio iron, also largely vaporised, condensed in minute spheres 
which are preserved in the bubbly silica glass, and show a bright 
and highly polished surface, suggesting that the earth’s atmosphere 
was temporarily blown aside by the explosion. Spencer suggests 
that these tiny spheres of shining condensed metal may be the 
cause of the bright streaks radiating from Tycho, for the low force 
of gravity on the moon would permit their projection for com- 
paratively great distances. It is interesting that the ratio of the 
number of craters showing bright rays to those without them is of 
the same order as the ratio of metallic and purely stony meteorites 
which reach the earth. 

Spencer considers that the lunar moimtain ranges were formed 



SOIBNOE FBOGBBSS 


600 

by crustal movements following shrinkage, that the 
represent lava fields of basic lava from fissure eruptions, and that 
the various craters belong to different periods in the moon’s history, 
the earlier ones being occasionally engulfed by lava flows. Though 
the absence of air and water on the moon prohibits denudation, the 
sudden changes of temperature and the length of the lunar day and 
night must produce considerable cleavage and weathering of the 
rocks. 

Possibly the strongest argument against the meteoritic origin of 
the craters is that, to om knowledge, no new ones have been formed 
since intensive study of the moon’s surface began. Many millions 
of meteors plunge daily into the atmosphere of the earth, and 
presumably similar numbers fall on the moon. They are, of course, 
small bodies, and the average number collected each year on the 
surface of the earth is only five, but these must originally have been 
much larger in view of the enormous wastage in their passage 
through our atmosphere. It is certainly strange that no changes, 
with the possible exeeption of variations in the size and brightness 
of the small crater Linn6, have been observed on the moon. Spencer 
considers that in earber periods the meteoritic bombardment of 
both moon and earth must have been much more intense, and that 
the larger stray masses of the solar system have already been 
gathered up, but, nevertheless, the absence of any definite changes 
is a point that has not yet been satisfactorily explained. 

T^e Pate of Comet Biela. — An example of the destructive 
power of a meteor shower is afforded by the history of the periodic 
comet Biela. This comet, already observed in 1772 and 1806, was 
recognised in 1826 to have a period of nearly seven years, and an 
orbit almost cutting that of the earth. Its return in 1882 was 
strictly according to prediction, but its position in 1839 was im- 
favourable and it was not seen in that year. At the 1846-46 
return the comet was, to the surprise of all observers, found to have 
split into two parts which were gradually separating. In 1862 
the two components were about 1,600,000 miles apart and moved in 
similar orbits, and this was the last occasion on which either was 
seen, though diligent search was made in 1869 and 1866. In 1872, 
although its calculated path came very near the earth, the comet 
again remained invisible, but its place was taken by a magnificent 
shower of meteors, which was repeated in 1886, and again, though 
greatly reduced in numbers, in 1892 and 1899. The twin comets 
have never reappeared. 

FoUowing a suggestion by C. Bruhns in 1867 that the disin- 
tegration and ultimate disappearance of the comet might be due 
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to a collision with the famous Leonid meteor stream, J. Bosler and 
H. Roure {Journal des Obd€rvaieur$j 1937, Juillet) have calculated 
the two orbits for the beginning of January 1846, when many 
observers first saw the comet as double. By successive approxi- 
mations they arrive at the conclusion that on January 6, 1846, the 
orbits were only 0‘026 astronomical units apart, the radius vector 
of the comet being 1*021, and that of the meteor orbit 0-994. Allow- 
ing for an unavoidable lack of precision in the orbit of the Leonids 
even after the perturbations due to the major planets have been 
taken into account, the evidence for a collision exactly at the time 
when the comet split into two is very strong. At each of its suc- 
cessive returns it would have to encounter the Leonids again, and 
this provides an explanation for its ultimate complete disappearance. 

PHYSICS. By F. C. Chalkijn, D.Sc., and F. A. Vick, Ph.D., University 

College, London. 

Absorption Spectra in the Very Soft X-Ray Region (Dr. F. C. 

Chalkijn). 

The values of the energy levels near the surface of the atom are, 
for the most part, obtained from ordinary X-ray data. The measure- 
ment of the wave-length of an X-ray absorption edge permits the 
calculation of the energy of some “ deep level, and the estimation 
of a ‘‘ shallow level is made by subtracting from this the energy 
corresponding to the appropriate X-ray emission line. A sub- 
traction process of this nature will naturally yield a result with a 
percentage error which may be far in excess of those of the two 
measurements used. It is therefore very desirable that direct 
determinations of these levels should be made. This calls for the 
measurement of absorption-edges in the soft X-ray region, especially 
above about 60 A. 

The general methods of soft X-ray spectroscopy are fairly well 
known. Vacuum spectrographs, with plane or concave gratings in 
the grazing incidence position, are employed. Wave-lengths may 
be readily determined by comparison with lines from the vacuum 
spark. The vacuum spark is produced between two electrodes 
rather less than 1 mm. apart in a high vacuum. A condenser is 
connected in parallel with this spark gap, and is charged to a high 
voltage by, for example, a transformer and rectifier. When the 
potential drop across the spark gap is sufficient, electrons are dragged 
from one of the electrodes, metal is vaporised, and the condenser 
disohazges a heavy current through the volatilised metal. The 
magnitude of the current is such that many of the metal vapour 
atoms are in a high state of ionisation, and radiations therefore occur 
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in the extreme ultra-violet region of the spectrum. Edl^n and 
Tyr6n (Zette. filr Physik, 101, 200, 1936), for example, have ob- 
tained, for chromium which has been deprived of fourteen electrons, 
a line of wave-length as low as 18- 5 A. The wave-lengths of a 
number of these lines have been evaluated by comparison in high 
orders with the spectrum of the iron arc. 

Absorption work in this region is, however, beset by three great 
difficulties. Firstly, the continuous X-ray spectrum, the most 
convenient source, is very weak. Secondly, absorption coefficients 
for such long wave-lengths are high, necessitating the use of very 
thin absorbing sheets. Thirdly, photographic photometry in this 
region is very troublesome. It is only recently that these difficulties 
have been overcome. 

Sanner {Zeits. filr Phyaik, 94, 623, 1936), overcame the difficulty 
of the weak soiuce by employing, not the continuous X-radiation, 
but the vacuum spark spectrum of copper. This is very rich in 
lines in the soft X-ray region and is equivalent to a continuous 
spectrum of irregular intensity. The absorption of aluminium was 
studied for a sheet of thickness 6 x 10~® cm. In experiments on 
magnesium and selenium he found it convenient to distil these 
metals on to similar aluminium sheets, and, since the absorption 
edges examined were at wave-lengths greater than that at which the 
aluminium L absorption sets in, the aluminium here was com- 
paratively transparent. On the same photographic plate he obtained 
both a direct spectrum and a spectrum taken through the absorbing 
substance. A comparison of the two spectra shows clearly the 
point at which absorption suddenly increases. He measured the 
Lju edges of A1 (170 66 A.) and of Mg (260-25 A.) and the My edge 
of Se (227-76 A.). For A1,0, he found the L edge more diffuse than 
for the metal and its wave-length appreciably diminished. A 
complex structure was observed for Se. 

O’Bryan {Phys. Rev., 49, 879 and 944, 1936), using the vacuum 
spark as source, has compared the spectrum taken through celluloid 
on to which an absorbing film had been deposited, with the spectrum 
taken through celluloid alone. He has examined lithium and 
varous lithium halides, has found that the structure of the K 
absorption discontinuity is not simple and that it is affected con- 
siderably by chemical combination. Magnesium and its halides 
have also been examined. 

The third problem, that of photometry, has been attacked by 
Skinner and Johnston {Nature, 137, 826, 1936 and Proc. Boy. Soc., 
A., 161, 420, 1937). They are interested in making a detailed 
examination of the structure near the absorption edges. The study. 
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by various workers, of the subsidiary absorption phenomena which 
accompany hard X-ray absorption edges has proved of considerable 
importance in the elucidation of the behaviour of high energy 
electrons in the absorbing crystals. By studying tlie structure for 
soft X-ray edges greater resolution is obtainable. Skinnei* and 
Johnston make their absorbing films by a modification of the method 
of Lark-Horovitz, Howe and Purcell (Rev, Sci. Inst,, 6, 401, 1935). 
A sheet of naphthalene has one surface covered with a film of celluloid 
40 A. thick. It is placed in a vacuum and cooled with liquid air. 
The metal film is distilled on to it. The naphthalene is then allowed 
to warm up, and, subliming, is pumped off. The vacuum spark is 
again used as source, but, to obtain precise information of the way 
in which absorption changes with changing wave-length, it is clearly 
necessary to adopt some procedure wHch will remove, on the final 
curve, the irregularities of the intensity curve of the source. To 
this end a calculation of the relative absorption coefficient as a 
function of wave-length is necessary. It is, in fact, necessary to 
obtain log lo/Ii (= fxt), where lo and Ii are respectively the inten- 
sities of the incident and transmitted beams. A curve connecting 
log I with the corresponding microphotometer deflection x must be 
obtained. Having found the experimental conditions which yield 
constant relative intensities of the lines in the spectrum, two ex- 
posures are taken, one without and one with the absorbing screen. 
The plates are photometered and for each line are obtained deflections 
Xo and Xx corresponding to Iq and I^. Now log lo/Ii varies, in 
general, only slowly with A, and consequently, a set of values can 
be taken for which log Iq — log li is nearly constant and subject 
only to a systematic variation. Using this fact, an (x, log I) curve 
is built up in steps from the pairs of vahies, the scale of log 1 being 
arbitrary. In practice, to render Ii and Iq comparable, the exposure 
through the screen is many times greater than the direct one, so 
that li is actually increased by a constant factor. Correction is 
made for the background density. There is no evidence that the 
plate calibration curve so obtained depends on the wave-length. 
With the aid of such a curve it is possible to plot fi (in arbitrary 
units) against the wave-length. The irregularities of the photom- 
eter curve of the original emission spectrum are removed and 
the forms of the curves are consistent. 

The K edge of lithium, the L edges of magnesium, and the 
Mu, III edges of nickel and copper have been measured. The Lii 
and lijij edges of Mg, separated by only 0*3 volt, are clearly re- 
solved. It may be noted that the values obtained for the edges 
show appreciable differences from the standard listed values of the 
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energy levels oonomxed. Many interesting structure features are 
pointed out. The three main discontinuities observed for lithium 
appear to agree with those found by O’Bryan. There is also agree- 
ment between the absorption curve for this metal and the excitation 
curve obtained by Skinner {Proc. Roy. Soc., A., 135 , 84, 1932), by 
the photo-electric method. 

Contact Potentials (Dr. F. A. Vick). 

Ninety-seven years after contact potentials were discovered 
by Volta, Lord Kelvin {Phil. Mag., 46 , 82, 1898), wrote as follows : 
“ When dry and polished discs of zinc and copper are metalUcally 
connected and held parallel, their opposed faces are oppositely 
electrified, the zinc with vitreous electricity and the copper with 
resinous electricity, in quantities varying inversely as the distance 
between them when this is small compared with the diameter of 
each.” In other words, the contact potential difference between 
two particular surfaces is constant. But Kelvin goes on to say 
“ if the surface of either the copper or the zinc is oxidised or tarnished 
in any way, notably different results are found ...” It is this 
difficulty of obtaining perfectly clean and reproducible surfaces 
which prevented for many years consistent results being recorded, 
and led to a long warfare between opposing schools of thought over 
the origins of contact potential differences. Even if a surface looks 
clean, there is probably an “ adsorbed gas layer ” which profoundly 
modifies the surface forces. The importance of these gas layers is 
well brought out in the relation (O. W. Richardson, Phil. Mag., 
23 , 266, 1912 ; Emission of Electricity from Hot Bodies, p. 39, 1916) 

It ~ Xi "I" i» (^) 

where c is the electronic charge, Vi, the contact P.D. between sur- 
faces 1 and 2, Xi and Xt are the corresponding work functions defined 
by Richardson’s equation for thermionic emission 

t = AT (2) 

in which A = 120pD,_/» being the “ roughness factor ” (1-3-1-6 
for most pure metals), D the “ transmission coefficient (less than 1), 
T the absolute temperature, and k Boltzmann’s constant. Pj, is 
the Peltier coefficient and is usually negligible compared with the 
difference in work functions, so that to a first approximation, if 
Xi and X* measured in volts 

( 3 ) 

and it is well known that the deposition of a monomoleoular film 
on a metal may alter x by as much as 3 volts. Even without gas 
layers, inconsistent results may be obtained owing to differences of 
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surface structure in the metals used at different times. In this 
connection the measurements of B. A. Rose (Phys, Rev., 44, 585, 
1933) are of interest. He used Kelvin’s null method to determine 
the contact P.D. between the (111) and (100) facos of copper single 
crystals at dijBferent stages of outgassing. The two crystals were 
mounted opposite and parallel to one another on frames in a pyrex 
glass tube so that their distances apart could be varied. The pyrex 
tube was connected to an ionisation gauge and evacuated by diffusion 
pumps with the usual precautions of liquid air traps, baking of glass, 
etc. The copper crystals could be outgassed by heating by electron 
bombardment from neighbouring filaments. It was found that the 
contact P.D. between the two surfaces rose rapidly at first during 
the outgassing, passed a maximum and then fell slightly to a steady 
value. It is probable that the outgassing was never complete and 
also that stray facets appeared in the crystal surfaces during the 
long heating, but it seems clear that the contact P.D. between the 
(111) and (100) faces of copper is greater than 0-46 volt, the (111) 
face being positive. The value between polycrystalline faces of 
copper was less than 0 01 volt. 

K. T. Compton and I. Langmuir have pointed out (Rev. Mod. 
Phya,, 2 , 145, 1930) that equation (1) may not hold for surfaces 
which are not homogeneous, either due to difference in structure 
or to partial covering with surface films, because contact P.D. 
measurements yield an average value for each surface, while 
thermionic work functions found in the usual way depend mainly 
on the most electropositive parts. This is not as serious as it 
sounds, for when adsorbed films on the surface are not too dilute, 
the surface fields are found to overlap sufficiently for to be an 
average value. It does emphasise, however, the care which must 
be taken in applying experimental values to equation (1). Measure- 
ments with clean metal surfaces (e.g. C. W. Oatley, Proc. Roy. Soc., 
155 , 218, 1936) whose work functions are known with sufficient 
accuracy, have verified this equation. 

Recent work has had a different orientation. Equation (1) 
has been accepted and applied to a determination of xn from measure- 
ments of Vii, Xi being known. This is of particular value in the 
case of adsorted films, whether of gases or of alkali metals. To 
determine x thermionically it is necessary to measure thermionic 
emissions i at a series of high temperatures T and plot log (i/T*) 
against 1/T. But the number of adsorbed atoms on the surface is, 
in general, dependent on the temperature, so the measurements at 
different temperatures may be for different surface conditions. 
Even if the resulting plot of log (t/T*) is straight, as Kingdon 
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found for oxygen on tungsten (K. H. Kingdon, Phye, Itev., 24, 
510, 1924) it has been shown recently (M. C. Johnson and F. A. 
Vick, Proc, Boy. 8oc., 158, 55, 1937) that the slope of the line 
may be far from giving x- In theory, x determined photo- 

electrically, but in practice the photoelectric threshold is often 
inconveniently far in the ultra-violet. 

Contact potential measurement, then, is the most convenient 
method of determining x for surfaces with adsorbed layers of definite 
constitution, and considerable progress has been made in this 
direction in recent years. The original Kelvin method is not much 
used for this purpose, but advantage is taken of the fact that when 
electrons from a heated cathode pass to a collecting anode, the anode 
current for non-saturation conditions is a function of the total 
potential difference between cathode and anode. Thus if is 
the (external) applied P.D. and is a correction term for initial 
velocities (dependent only on cathode temperature) 

» =/(V„) =/(V, + V,. + V,). 

Hence, if i is plotted against applied V* and then the surface of 
either the cathode or anode is altered, the new t — V, characteristic 
is displaced parallel to the old along the voltage axis by an amount 
equal to the change in contact P.D. Mdnch {Z. /. Phys., 65, 233, 
1930) has shown by direct comparison that the measurements of 
contact P.D. by this method agree with those by Kelvin’s method. 
In practically every case, tungsten has been used for the standard 
Xu since its work function is known with greatest accuracy and 
its surface can be cleaned from contaminants by “ flashing ” at high 
temperatures. 

O. W. Richardson and F. S. Robertson {Phil. Mag., 43, 667, 
1922), 1. Langmuir and K. H. Kingdon {Phys. Rev., 34, 129, 1929) 
bring about the changes in contact P.D. by altering the nature of 
the cathode, but it seems best to alter the anode because it is kept 
at a low temperature during measurements and because changes 
in cathode surface are likely to alter the shape of the characteristic 
curves and make the shift of the curve difficult to measure. Various 
modifications of the electron stream method have been made since 
Langmuir and Kingdon’s experiments. 

P. A. Anderson {Phys. Rev., 47, 968, 1936) projected from an 
“ electron gun ” a beam of electrons of energy 4—8 e.v. on to a 
small region near the centre of a tungsten strip, and plotted the 
current to the strip as a function of the (external) retarding P.D. 
applied between strip and electron source. A thick layer of barium 
was deposited on the strip, taking care not to contaminate other 
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metal stirfaceai and to keep the amount of impurities such as 
oxygen very low by attention to vacuum technique. Prom the 
shift of the curve, V 12 == 213 volts, giving % for Ba as 4*54 -- 213 
— 2-41 volts, whereas that from thermionic data is 2*11 (Reimann, 
Thermionic Emission y p. 81, 1934). This arrangement had the 
advantage of using electrons of low velocity and a small sharply- 
defined anode surface, but there was a fair amount of metal (and 
mica) in the tube which may have acted as sources of impurities. 

A. L. Reimaim (Phil, Mag,y 20, 594, 1935) used the same 
method as Langmuir and Kingdon, but with a much simpler tube 
in which the only metal parts were two tungsten filaments, one as 
cathode and the other as anode, the centres of the filaments being 
closer together than the ends. After the tube had been baked, 
etc., the two filaments were “ flashed ” to clean them. With the 
cold filament B as anode and hot filament A as source, the i — 
characteristic was plotted, and then an adsorbed film of oxygen 
deposited on B (oxygen being removed from A by flashing). The 
now i — characteristic was parallel to the first and 1*7 volts 
away, giving the work function of a film of oxygen on tungsten 
as 4*54 + 1*7 — 6*2(4) volts. This is certainly the most accurate 
determination of this work function so far made, but it is pro- 
bably a little low since filament B may have been contaminated 
by migration of oxygen from the leads when it was supposed to 
be clean. Reimann was able to detect evaporation of oxygen 
from tungsten at 1300'' K. 

C. W. Oatley (Proc. Roy, Soc,, 155, 218, 1936), has used an 
application of A. W. HuU’s magnetron [Phys. Rev.y 18, 31, 1921). 
If a magnetic field of increasing intensity is applied parallel to the 
axis of a cylindrical diode, then owing to curvature of electron paths, 
the anode current i will fall to zero at a critical field. Let Ho be 
the field for the current to fall to half value, then 

“ 8m 

where R = anode radius. But = Vn + + Vt, and if 

is calculated, Vi* between tungsten filament and anode material 
is determined. In practice Iq* was plotted against to give a 
straight line whose intercept is— (Vn + V^), whore lo is the current 
in the Helmholtz coils to give H© for the particular V^. The effect 
of slight asymmetry in geometry of the diode was investigated. 
Copper guard rings were used, but unfortunately these could not 
be outgassed properly and it is improbable that the anode was 
really gas free. However, the results for a molybdenum anode 



SCIENCE FBOORBSS 


508 

were sufficiently good to show the practicability of the method and 
to verify equation (1), since x for molybdenum is known (Du Bridge 
and Roehr, Phys. Rev., 42, 52, 1932). Preliminary results for 
zinc and platinum also are given. 

D. B. Langmuir {Phya. Rev., 49, 428, 1936) uses the same method 
as Langmuir and Kingdon but reduces the sources of contamination 
by depositing tantalum anodes and guard rings on the walls of 
his tube by evaporation from a tantalum filament. Currents be- 
tween the test filament and tantalum filament were used to study 
(a) the variation of work function with “ activation ” of a thoriated 
tungsten filament, and {b) the change of work function with temper- 
ature of thoriated tungsten and pure tungsten. 

We now have an interesting series of papers by Bosworth and 
Rideal (R. C. L. Bosworth, Proc. Carnb. Phil. Soc., 33, 394, July 
1937 ; Proc. Roy. Soc., 162, 32, Sept. 1937 ; R. C. L. Bosworth 
and E. K. Rideal, Proc. Roy. Soc., 162, 1, Sept. 1937), In their 
method a vertical tungsten strip acts as anode, the source filament 
being in front of it and skew so that their centres clear by a few 
miUimetres only. The measured current then flows from a small 
length of the source filament to the centre of the strip. By suitable 
ovens, etc., thin films of sodium, potassium, hydrogen or oxygen 
(or mixtures of these), can be deposited on the strip. The contact 
potentials are deduced from the shift of i — V* characteristics in 
the usual way. A good deal of useful information on surface films 
has resulted from their measurements. For example, a nearly full 
monomolecular layer of hydrogen on tungsten has thermionic 
constants x = volts, A == 30 amps/cm. */deg.*. A film of 
deuterium on tungsten is 20 millivolts positive with respect to a 
similar hydrogen film. The condensation coefficient of hydrogen 
on cold tungsten is 0-01 . The effective dipole moment of each 
hydrogen atom on tungsten is fairly constant at — 0-42 Debye unit, 
but for sodium the moment changes from 22-6 to 5*4 units as Q 
(fraction of surface covered) increases from 0 to 1. Contact 
potential differences for potassium on films of oxygen and hydrogen 
on tungsten were also measured. The x foi* sodium on tungsten 
first falls to a minimum as B increases and then rises slowly to a 
steady value. From the rate of change of contact P.D. when the 
strip is exposed to sodium vapour the vapour pressure of sodium 
is determined. The evaporation of sodium at various tempera- 
tures is studied in detail. 

From a general study of recent work on contact potentials we 
may conclude (1) the conditions for precise determination of contact 
potentials are just as rigorous as for thermionic measurements ; 
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(2) the simple relation between contact P.D. and work function 
has been found to hold and is of particular value in the study of 
adsorbed films ; (3) the electron stream method gives the same 
results as Kelvin’s method and for its use the electron source, should 
be homogeneous, should remain constant during the measurements 
and should be as nearly as possible equipotential. The experi- 
mental tube should be as free as possible from metal or other possible 
somces of impurities. 

GENERAL AND ORGANIC CHEMISTRY. By O. L. Brady, D.So., 

F.I.C., Univorsity College, London. 

The output of research in organic chemistry is now enormous and 
it is not surprising that those who follow the changes in what may 
l>e described as the academic aspect of the subject are apt to over- 
look the corresponding alterations in manufacturing practice. Un- 
fortunately text-books are of little help as even new editions describe 
at length manufacturing processes which are obsolete and ignore 
modem methods. The subject is difficult to treat, mere study of 
the patent literature is not helpful as but few of the patented pro- 
cesses ever reach the production stage and manufacturers are usually 
unwilling to indicate which processes they are now employing. In 
this article an attempt is made to outline some of the changes in 
manufacturing technique. In some cases the new process has 
almost completely supplanted the old, in others it is rapidly doing 
so, whilst in others it is only just being adopted. Practice also 
varies from one country to another, depending on availability of 
capital for new plant, accessibility of materials and the usual circum- 
stances which condition economic manufacture. An important 
influence in the development of new methods has been the contri- 
butions of engineers in providing plant working at liigh temperatures 
and pressures up to 200 atmospheres. 

Phthauc Anhydbijoe. — The cheapness of atmospheric oxygen 
as an oxidising agent has resulted in the extension of its use in 
conjunction with catalysts. Phthalic anhydride, though not now 
so much used for the synthesis of indigo, is still an important inter- 
mediate and the old method of preparation from naphthalene by 
oxidation with sulphuric acid has been supplanted by catalytic 
oxidation at about 425® with air. The catalyst used is vanadium 
pentoxide alone or mixed with molybdenum oxide and manganese 
oxide supported on infusorial earth or roughened aluminium turn- 
ings, the heat-conducting qualities of the latter being an advantage. 
Temperature control in the process presents difficulties owing to 
the large amount of heat generated at a high temperature by the 
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oxidation and the necessity of keeping the catalyst at a fairly uniform 
temperature. For this reason the initial cooling is performed by 
the vaporisation of a liquid boiling under a pressure which raises 
its boiling-point to the optimum catalyst temperature, for example 
diphenyl, sulphur or naphthalene which subsequently passes into 
the oxidation chamber. 

Phthalic anhydride is now converted into numerous important 
products by novel processes. Treatment at 210 - 286 ® with steam 
in the presence of chromium phthalate results in decarboxylation 
with the formation of benzoic acid which is superior to that prepared 
by the old process from toluene in that it is free from chlorine. 

Phthalic anhydride is also employed in the preparation of 
anthracene derivatives. Anthraquinone is now manufactured by 
treating phthalic anhydride with benzene in the presence of alu- 
minium chloride and dehydrating the benzoylbenzoic acid formed 
with concentrated sulphuric acid. 


CO CO 



The chloroanthraquinones are made either by using chlorinated 
phthalic anliydride, chlorobenzene or by chlorinating the benzoyl 
benzoic acid before ring closure. These compounds are of impor- 
tance as intermediates for the preparation of derivatives of amino- 
anthraquinone, an important series of vat dyes of which the following 
are simple examples : 



mdauthrene orange 
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MaXiBIO Acid. — B enzene is now oxidised to maleic anhydride 
by air in the presence of vanadium pentoxide. 

CO,H.CHOH.CH,.CO,H 
^ Ip malic acid 

HC.CO oOjH.CH a.CH,.CO,H. 

succinic acid 


The maleic anhydride can be converted quantitatively to malic 
acid by heating with water under preesure, and this compound is 
replacing citric and tartaric acids for many purposes where a weak 
organic acid is required such as in acid beverages ; it may also be 
reduced by hydrogen, catalyti(;ally, to succinic acid used for pre- 
paring resins. It is interesting that ‘‘ common ” malic acid is no 
longer the la)vo-rotatory compound prepared from natural sources 
but synthetic racemic malic acid. The price of the optically active 
form is becoming prohibitive, to the dissatisfaction of workers in 
the field of optical isomerism who use the acid for resolving racemic 
bases. Maleic acid may also become of technical importance in 
connection with the Diels-Alder synthesis. 

CH, 

/ / \ 

HC CH.CO CH CH.CO 

I 4- II >0 II 1 >0 

HC CH.CO CH CH.CO 

\ \ / 

CH* CH* 

butadiene maleic anhydride tetrahydrophthalic anhydride. 


Benzaij)EHYI)B. — Air oxidation of toluene to benzaldehyde has 
not proved very successful, but oxidation by means of manganese 
dioxide and sulphuric acid or by ammonium manganic sulphate 
prepared by electrolytic oxidation has replaced the old chlorination 
method since it yields a product free from chlorine, an important 
consideration if the aldehyde is to be used for flavouring purposes. 
A more recent method is synthesis from benzene by means of 
aluminium chloride containing a small percentage of water to 
generate the necessary hydrogen chloride and carbon monoxide at 
90 atmospheres pressure. Substituted benzaldehydes of importance 
8W3 intermediates, such as p-chlorobenzaldehyde and p-tolualdehyde, 
are manufactured in an analogous manner. 


CH, 


CH, 

/\ 


4- HCl. 


V 

CHO 


+ CO + Ha.(CI.CHO) 
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AcBTAiiDBHYDio, AoBTic AoiD, AoBTONB, ETC.— The oommoroial 
production of metliyl alcohol by catalytic reduction of carbon 
monoxide with hydrogen at high pressures 

CO -i- 2 H, -► CH,OH 

would, in highly industrialised countries at all events, entirely 
displace wood distillation except that the latter operation produces 
other useful products such as acetone, acetic acid and charcoal. 
The ever-increasing demand for acetone, acetic acid, vinyl acetate, 
etc., in connection with the celltilose ester, varnish and plastic 
industries has resulted in the synthesis of these compounds on a yet 
greater scale from calcium carbide. Acetylene from the carbide is 
converted to acetaldehyde by hydration in the presence of mercury 
salts 

CHiCH + HOH [CH,:CHOH] CH.CHO 
vinyl alcohol acetaldehyde 

Acetaldeliyde is oxidised to acetic acid by air in the presence of 
manganese acetate as catalyst. Acetic acid vapour passed over 
calcium or barium oxide on a suitable support at 500^ yields acetone. 
Acetaldehyde can be reduced with hydrogen and nickel catalyst 
to ethyl alcohol and a considerable amount of this compound is 
now prepared by this process. Acetaldehyde undergoes the aldol 
condensation and the aldol on catalytic reduction with hydrogen 
gives a : y-butylone glycol which on dehydration yields 1 : 3-buta- 
diene, a source of some synthetic rubbers. 

2CH3CHO CHs.CHOH.CHj.CHO CH,.CHOH.CH,.CHOH 
aldol a;y-butylerie glycol 

CH2:Cn.CH:CHj 

butadiene 

The aldol is dehydrated to crotonaldehyde which is reduced by 
hydrogen with a copper-nickel catalyst to n-butyl alcohol largely 
used in the preparation of solvents and plasticisers. 

CH,.CHOH.CH*.CHO CH,.CH:CH.CHO CH,.CH,.CH,.CH,OH 

crotonaldehyde n-butyl alcohol 

Acetaldehyde gives excellent yields of ethyl acetate by a Can- 
nizzaro reaction when treated with aluminium ethoxide catalyst 
activated by treatment with a small quantity of, for example, water 
or tin ohloroethoxide. 

2CH3CHO CHa.COOCH.CH*. 

Acetylene passed into acetic acid in the presence of mercury salts 
gives vinyl-acetate used in the artificial resin industry : 

CHi CH + CH3CO3H CHj.COOCHtCH,. 
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When passed into a solution of cuprous chloride in ammonium 
chloride acetylene gives vinylaoetylene and divinylacetylene. 

CHiCH CH,:CH.CiCH and CH,:CH.Cl C.CHrCH, 

The former with hydrogen chloride yields chloroprene which poly- 
merises readily to duprene, an important rubber substitute now 
largely manufactured. With formic acid vinylaoetylene gives 
formoprene which polymerises to sovprene, another rubber substitute 
manufactured in Russia. 


CHarCH.Ci CH 



OHjrCH.CCl.ClIg 


neoprene 


CH2:CTI.C(0CH0):CH2 sovprene. 


Urea. — Urea is now manufactured in enormous quantities for 
use as a fertiliser and for the preparation of synthetic resins. Two 
methods are employed, partial hydrolysis in feebly acid solution of 
c.yanamide prepared from calcium carbide and nitrogen in the electric 
furnace 


CJaC, f-Nj CaCjNa H^N.CiN NH2.CO.NH, 

calcium cyanamido cyanamido urea 

and by the direct union of ammonia and carbon dioxide with the 
initial production of ammonium carbamate which on heating to 
130-150° under 33-35 atmospheres pressure yields urea. 

2NH5 -f CX), NH,.CX),NH4 ^ H ,0 + NHj.CO.NHg. 

Aniline. — The large amounts of chlorine available from the 
alkali industry as a by-product are difficult to dispose of and the 
successful large-scale synthesis of ammonia by the Haber process 
has resulted in a change in practice in the manufacture of aniline 
and some of its derivatives. Nitric acid for the preparation of 
nitrobenzene is a relatively costly reagent so benzene is first chlorin- 
ated and the chlorobenzene heated with 4 to 5 molecular proportions 
of aqueous ammonia with a small percentage of cuprous oxide or 
chloride to about 200° in a high-pressure autoclave. About 90 
per cent, of the theoretical amount of aniline is formed together 
with about 1 per cent, of diphenylamine and 5 per cent, of phenol 
which are easily removed, p-Nitraniline is prepared by the action 
of aqueous ammonia on p-nitrochlorobenzene at 170° in an autoclave 
with an efficient stirring mechanism. Some 4 : 4'-dinitrodiphenyl- 
amine is formed at the same time and this impurity is objectionable 
in the preparation of solutions of the p-nitrobenzenediazonium salts 
used in dyeing as it does not diazotise nor dissolve. Various 
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methods have been employed for removing it such as crystallising 
the p-nitraniline from ammonia under pressure, the 4 : 4'-dinitro- 
diphenylamine being soluble in the alkaline medium. 

Phenol. — ^The old method of manufacturing phenol by fusion 
of sodium benzenesulphonate with sodium hycfroxide is open to 
many objections among which may be mentioned the weight of raw 
materials compared with the yield of phenol, consequently the 
direct hydrolysis of chlorobenzene is making headway as a manu- 
facturing process. Chlorobenzene with aqueous alkalis under suit- 
able conditions gives phenol and some diphenyloxide 

CeHsCl -f Na^jCOa 4 11^0 C^H^OH + NaCl + NaHCX)3 

CeH.Cl -f C.HjOH + Na^COa f NaCl 4- NallCOa. 

The reaction is brought about by circulating an emulsion of chloro- 
benzene with 10 per cent, aqueous sodium carbonate at 320^ through 
a copper tubular autoclave, the walls of the vessel acting as a 
catalyst ; 10 per cent, of diphenyl oxide is added to the reaction 
mixture and it is found that this prevents any further formation 
of this by-product. 

Long-Chain Alcohols. — The sodium salts of the sulphates of 
long-chain alcohols CH8[CH,]^.CH,OSOaNa have valuable detergent 
properties and are being increasingly used in place of or mixed with 
ordinary soaps. Their emulsifying and wetting properties are 
greater than those of soap, they are equally soluble in hard and soft 
water and, unlike the soaps, have no tendency to leave a deposit 
of fatty acid wliich is difficult to remove, since the alkyl hydrogen 
sulphates CHsLCHjj^CHjOSOaH are soluble in water. The conse- 
quent demand for the long-chain alcohols has resulted in the appli- 
cation of catalytic reduction to the corresponding acids for their 
manufacture. Oleic acid when reduced with hydrogen and a 
zinc-cadmium-copper chromite catalyst at 390-400® under a pressure 
of 200 atmospheres yields a mixture of oleyl and stearyl alcohols. 
Under these conditions the carboxyl group is more readily reduced 
than the double bond. The mixture of alcohols can be subsequently 
converted to stearyl alcohol by reduction with hydrogen and a 
nickel catalyst at a low temperature in the usual manner. 

SoniiTM Carbonate. — It appears that a new technique in con- 
nection with the manufacture of sodium carbonate is l)eing employed 
in Japan, the reactions being carried out in liquid ammonia. The 
process depends upon the solubility of sodium chloride and the 
insolubility of sodium carbamate in this solvent. Ammonium 
carbamate is first formed by the action of carbon dioxide on liquid 
ammonia 

2NH8 -h COj NH8.C08NH4 
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and to tliis a solution of sodium chloride in liquid ammonia is added 
when sodium carbamate is precipitated. 

NaCl -f NHj.CO,NH 4 NaCO^NH, + NH4CI 

The sodium carbamate on treating with steam gives sodium car- 
bonate. 

NaCOaNH, f HjO - NaHCOa + NH3 

2 NaHC 03 - NajCOa + HjO f- COj. 

Hydeogen Peroxide. — H. E. Armstrong, many years ago, 
pointed out that, when organic compounds were oxidised by moist 
molecular oxygen, hydrogen peroxide was formed. It is now 
suggested that this phenomenon might be used for the commercial 
preparation of hydrogen peroxide as conditions have been found 
under which good yields are obtained (Pat. No. 465,070, 1936). 
Methyl anthraquinone in benzene and oyclohexanol can be reduced 
catalytically by hydrogen. The solution after removing the nickel 
catalyst rapidly absorbs oxygen with the regeneration of methyl 
anthraquinone and the formation of hydrogen peroxide which can 
be extracted with water. 


0.11, 


CO 

/ \ 




\ / 

CO 


CellaMo ->04X14 


COH 

/ \ 


\ / 

COH 


(^IlgMe f 


o., 


CO 

/ \ 

Celi^ + H.Oj. 

CO^ 


The yield of hydrogen peroxide is over 90 per cent, of the oxygen 
absorbed and the methyl anthraquinone can be again reduced. 

The above are but a few examples of the changes in industrial 
processes that have taken or are taking place. The writer wishes 
to express his indebtedness to Unit Processes in Organic Synthesis, 
Editor-in-Chief P. H. Groggins (McGraw-Hill Publishing Co. Ltd.) 
for valuable information on some of the subjects discussed. 


PHYSICAL CHEMISTRY. By H. W. Melville, D.Sc., Ph.D., CoUoid 
Science Labomtery, Cambridge. 

Pkogbess in Physical Chemistry is to a large extent dependent 
upon and intimately concerned with the development of new 
experimental technique. On the one hand fresh light is brought 
to bear on problems insoluble with the methods previously at the 
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chemist’s disposal ; on the other, new fields of investigation are 
opened up. In this article two such advances will be described. 
It is, moreover, interesting to note that both promise to have 
extensive application in organic chemistry. The first has to do 
with the precise determination of the heats of hydrogenation of 
unsaturated organic molecules and the second with the mode of 
interaction of simple hydrocarbons with catalytic surfaces. 

Heats of Hydrogenation. — At a first glance there would seem 
to be no necessity for the determination of the heat of hydrogena- 
tion of unsaturated molecules, for this quantity (— ZlH) might 
readily bo computed from the difference in the heats of combustion 
of the saturated and unsaturated compounds. As the molecular 
weight increases, however, the difference in heats of combustion 
becomes so small as to be useless in determining at all accurately 
how, for example, the heat of hydrogenation is affected by the 
structure of the molecule. Another method is to measure the 
variation of equilibrium constant of the hydrogenation reaction 
with temperature and calculate the heat content change by means 
of the usual formula d IriK^/dT == — ZlH/RT^, where is the 
equilibrium constant, ZlH the heat content change in the reaction, 
R is the gas constant and T the absolute temperature. One of the 
difficulties of the method, pronounced with the more complicated 
molecules, is that no matter from what side the equilibrium is 
approached, secondary reactions may introduce such complications 
that JH can only be calculated in an approximate manner. The 
third method consists in measuring the heat of hydrogenation 
directly in a calorimeter filled with a catalyst to ensure that the 
reaction will go quantitatively to completion at a reasonably low 
temperature. For the hydrogenation of ethylene to ethane all 
three methods gave results in reasonably good agreement having 
regard to the technique employed, but there were discrepancies 
which required further investigation. Calculations had also been 
made of the entropy of the molecules participating in this reaction 
BO that ZlH could bo calculated — ^this revealed further disagreement. 
(It would be a digression to discuss these matters, but reference 
may be made to a paper on ethane-ethylene-hydrogen system by 
Teller and Topley, J. Chem, Soc., 876, 1936.) Hence one necessity 
for the exact determination of zlH is evident, namely, to check 
calculations of the entropy of simple molecules. Another important 
field of investigation lies in determining how substituents in a double 
bond compound affect its heat of hydrogenation. Yet another is 
connected with the phenomenon of resonance. For example, when 
a molecule such as benzene can be represented (employing ordinary 
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Bingle and double bonds) by two different structures, namely 

A 

and , then, according to quantum mechanical methods of 

molecule building there is a structure intermediate in configura- 
tion between the two, possessing a smaller potential energy : this 
is the normal state of the molecule. Owing to resonance a molecule 
has less energy than might bo expected, thus conferring upon it 
added stability. Correspondingly, the heat of hydrogenation should 
differ considerably from tliat computed on the assumption that the 
molecule has three double bonds in it. Heats of hydrogenation, if 
sufficiently accurate, may therefore indicate how much resonance 
energy is available for stabilisation. Finally, there is a possible 
application to polymerisation reactions. When derivatives of 
ethylene polymerise, the essential feature of the reaction is that 
each time a monomeric molecule adds on to the growing polymer 
a double bond is replaced by a single bond, thus 

HX HX HXHX 

II II I I I I 

c==:C + o=c — ► 

I I I I II I 

H H H H H H H 


or 


HX HH HXHX 

c C^V C G 

1^ I II if f f 

H H H H H H H H 

(X is a substituent, e,g. CHg, Cl, COOH, etc.) 


The energy evolved in this reaction, which depends on the heat of 
hydrogenation of the double bond, may play an important part in 
facilitating the subsequent addition of the next molecule of monomer 
(of. Flory, J. Amer, Chem. Soc,, 59, 241, 1937). It is for these 
reasons that Kistiakowsky and co-workers ^ have embarked on a 
comprehensive study of the heats of hydrogenation with the 
calorimetric technique. 

The Calobimbteb. — In order to obtain the necessary precision 
an elaborate apparatus is required, but space will only permit of 
a description of the more important parts. The normal procedure 


^ I, Kistiakowski, Romeyn, Ruhoff, Smith and Vaughan, J, Amer, Chem, 
Soc,, 157, 66, 1936 ; II, III and IV, Kistiakowski, Ruhoff, Smith and 
Vaughan, ibid,, 57, 876, 1936 ; 58, 137, 1936 ; V, Dolliver, Gresham, Kistia- 
kowski and Vaughan, ibid,, 59, 831, 1937 ; Conant and Kistiakowski, Chem., 
Eeviem, 20 , 181, 1937. 
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of admitting the gases to the catalyst and noting the temperature 
rise of the system after the completion of the reaction, possesses 
several disadvantages. The introduction of accurately known 
amounts of the reactants is difficult and the large mass of catalyst 
necessary introduces the troublesome feature of having to correct 
the results for the heat change consequent on the adsorption of 
the several molecules on the catalyst surface. Instead, an adiabatic 
calorimeter is employed, that is, a calorimeter surrounded by a bath 
of which the temperature is automatically maintained at the same 
level as that of the calorimetric liquid itself. For this purpose the 
calorimeter, filled with diethylene glycol, is suspended within a 
second container the outer walls of which are surrounded by a 
SOditre bath of diethylene glycol which in turn is surrounded by 
an air thermostat regulated to O-F. Besides the multiple junction 
thermopile to measure the temperature of the calorimeter there is 
a second pile which controls the heating current of the large bath 
by a low-lag heater. This is accomplished by connecting the con- 
trolling pile to a Moll galvanometer which illuminates a photo- 
electric cell. When the temperature of the calorimeter rises, the 
photo cell, by means of a relay, switches on a small auxiliary heater 
in the large bath. Simultaneously an electric motor is set in motion 
to increase gradually the main heating current to the large bath. 
When the auxiliary current is off, the motor is reversed and the 
main current is gradually decreased. Such a device reduces the 
lag of the system to a minimum. 

The reaction vessel, containing a copper catalyst, is so arranged 
that a continuous stream of reactants can be sent through from 
suitable regulators. When the system has attained a steady state, 
that is, a linear increase of temperature with time, the gases issuing 
from the catalyst are diverted to a measuring and anal 3 d)ical 
apparatus for a given period during which the temperature rise 
is determined. As is customary, the calorimeter is calibrated by 
supplying a measured number of watts to an internal heating coil. 
The only slight error that might intrude is the change in the volume 
of adsorbed gases as the temperature rises, though the magnitude 
of this effect is probably negligible. The estimated accuracy of 
the method is about 0*1 per cent., the limiting factor frequently 
being the degree of purity of the compounds hydrogenated. 

The Data. — Already the heats of hydrogenation of a great 
variety of molecules have been determined, but in this review 
reference will only be made to hydrocarbons to show the scope 
of the information afforded by the data. That important constitu- 
tive effects are obtained is evident from the fact that the heat of 
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hydrogenation of ethylene is 32-8 k. cal. whereas that of tetra- 
methyl ethylene has dropped by no less than 6-2 k. cal. Confining 
attention to the monosubstituted derivatives it will be observed 
from the results set out in the table that the value of ZlH te prac- 


Monosubstitutkd Ethylknes 
— JH for othylono 32*8 k. cal. at 35.5” K. 


SubgtUticnt. { 

CU, 

C.H. 

i 



1 

- JH i 

30- 1 


! 30- 1 

! 30’3 

30*3 


tically independent of tlic nature of the substituent, although there 
is a considerable change from ethylene itself. Thus the important 
factor is the substitution of an alkyl group for the hydrogen atom. 


Disubstituted EtHYJ.KNE8 


Compound. 


H 

H 

- JH (355'^’ K) 

284 

28-0 

28*5 




n 

1 

/'\ 

ii-(; iH, 

1 1 

CH, CH, 

bn, 

Compound. 

1 

(if,. /f’H, 

1 (if,^ 

1 \ 

\ ,1^ 1 

i 

- JH (355" K) 1 

i 

28*6 

1 

1 276 

1 

28*6 


With the di-substituted ethylenes there is a further drop in the 
value of — JH, as might be anticipated, the increment being 
nearly the same as that for the substitution of the first methyl 
group. Again there is the same regularity, namely the predominant 
effect of the introduction of an alkyl group, there being no signifi- 
cant difference whether the asymmetrical or the cis molecule is 
hydrogenated. The substitution of a third and a fourth methyl 
group in trimothyl ethylene (— zlH =26*9) and in tetramethyl 
ethylene (— JH, 26*6 k. cal.) changes AB. by progressively decreas- 
ing amount. In conformity with these regularities it would be 
expected that JH for oyolohexene would be similar to cis butene-2, 
as indeed is the case (— JH, 28-6). 

In the diene series the interest lies not only in determining the 
total heat of hydrogenation but also the heat of hydrogenation of 
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the various possible isomers which can be formed by the addition 
of one molecule of hydrogen. This first heat of hydrogenation 
cannot, of course, be determined directly. It is therefore calculated 
from the total heat of hydrogenation and from the value of dH 
for the hydrogenation product. If the latter has not been deter- 
mined it may be readily calculated from the regularities exhibited 
by the ethylene derivatives. Allene is placed in a class by itself, 
— AH for hydrogenation to propylene being larger than any other 
compound, viz. 41-2 which is 11 k. cal. greater than that for any 
asymmetric derivative. 


Diknes 


Compound. 

Mode of 
Addition. 

Product. 

- AH 
(SSS" K). 

CH2:r^CH— CHnrzGHj 

1,4 

CHa~~CIl=:rCH— CHa 

28-6 



(ciH) 



1,4 

CHj.CH---CH— CH, 

29fi 


(trans) 



1,2 

CHa.CHj.CH^nCHjj 

26'8 

CH.“C— C:=::rCH2 
^11 

1,4 

(CH,),.a=C.(CH.), 

27‘3 

CPIa OHa 

u 

(CHa)2.CH.C^CPIa 

26-9 



in. 


CHa.CH=CH~CH— CHj 

1,4 

CHa.CHjjCH^^CH.CHa 

25-6 


(cis) 



1.4 

CHa.CH,CHr=CH.CH, 

26-5 



(trans) 



3,4 

CHaCm.CHgCHc-rC^a 

CPK.CHr CH.CHg 

23>8 

CH=CH~-C:H==CH 

26-8 

1 i ^ 

CH, CHj 


1 1 

CHg CHg 


CH=CH— CH-::::CH 


CHa.CH~CH.CH 2 

1 1 

240 

1 CIIj 1 


1 i 


calculated values. 



1 


The first interesting result is the effect of conjugation in reducing 
the value of — AH by some 2-3 k. cal. — ^the influence of resonance. 
As the number of carbon atoms between the double bonds is in- 
creased, the value of dH approaches that of propylene though even 
in pentadiene-1,4 {— dH, 30-7, 1,4 addition) and hexadiene-1,6 
(— dH, 30-4) — dH is not quite equal to that for propylene. 

With butadiene and pentadiene it will be seen that the 1,4 
addition in the trans position is the most likely, if — dH is taken 
as a measure of the probability of appearance of the appropriate 
butene and pentene. 

The values of — dH in the diene series exhibit the same sort 
of regularity as is found in the ethylene derivatives. One example 
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will suffice. A disubstituted compound R.CH=CH — CH=CH.R 
should differ from butadiene in the value of zlH to the same 
extent as R.CH— CH.R differs from ethylene. The estimated 
value for of -- AH for R.CH==CH— CH=CH.R should therefore be 
29*5 — 4-5 == 26 0. This is in reasonable agreement with the value 
of 26*8 k. cal. for ci/cZohexadiene. Such a regularity is not, how- 
ever, evident with cycZopentadiene. In a similar way it will be 
seen that the introduction of methyl groups in the 2,3 positions in 
butadiene decreases the value of — zlH in conformity with the 
effect in ethylene. 

One of the most surprising results of these experiments is obtained 
with cyclic compounds assuming that a six membered ring such as 
cycZohexane is strain-free, whereas five, four and three membered 
rings are under a progressively increasing strain. The degree of 
strain may be expressed in calories from combustion data : for cyclo- 
pentane the strain amounts to 4 k. cal. Now the lower values of 
— /I H for cycZopentadiene (24) and cyc/opentene (26*9) indicate that 
the strain increases on opening the double bonds. That these figures 
are in no way due to any peculiarity of the method may be shown 
from the fact that cycZohexadiene and cyc/ohexene exhibit perfectly 
normal behaviour, their heats of hydrogenation being calculable from 
the rules already established. These and other similar data are 
therefore in conflict with accepted views of the structure of cyclic 
compounds. The explanation of the anomaly is as yet unknown. 

Interaction of Hydrocarbons with Catalysts. — There is 
now abimdant evidence to support the contention that hydrogen 
molecules are very readily dissociated to atoms when they are ad- 
sorbed on surfaces active as catalysts for hydrogenation. In addition 
there is a smaller body of evidence to indicate that oxygen molecules, 
too, may be dissociated on coming into contact with certain solids, 
such as tungsten, for example. Practically no data, however, exist 
to show how simple hydrocarbons interact with catalysts. Such 
information is required for the interpretation of hydrogenation and 
dehydrogenation reactions, one of the simplest examples being the 
mechanism of the exchange reactions of deuterium with hydrides. 
Unfortunately, looking at the matter conversely, the study of the 
latter reactions does not provide the evidence as to whether or not 
hydrocarbons are dissociated for the following reason. Consider 
the reaction D* + CH^ = OHjD + HD, which is known to be 
catalysed by nickel. Measurement of the velocity of the ortho 
deuterium conversion, which gives directly the velocity of dis- 
sociation of D, molecules, proves at once that this is not, in general, 
the rate determining step in the reaction. Two possibilities remain, 



SCIENCE PBOOBESS 


622 

namely that the controlling reaction is either the attack of a molecule 
of methane adsorbed as such by a deuterium atom — D (ads.) + CH4 
(ads.) = CHaD (ads.) + H (ads.) — or the rate of combination of the 
deuterium atom with the CH, radical produced by dissociation of 
the CH4 molecule on the nickel surface. No matter how detailed 
the investigation of the kinetics is made, no absolutely unambiguous 
choice can be made between the two mechanisms. The only way 
of solving the problem is to study the interaction of a mixture of 
the hydride and deuteride with the surface. If dissociation does 
occur, molecules of intermediate D-content CH3D,CHiDa,CHDa, 
will appear in the gas mixture. Their presence can, however, only 
be detected spectroscopically since no other physical method is 
sufficiently sensitive for the pinpose. Experience has shown that 
although there is usually a considerable difference in the ultraviolet 
absorption spectra of isotopic molecules, the absorption may lie in 
an inconvenient region of the spectrum (with methane, in the 
Schumann ultraviolet), or the vibrational structure may not be 
sufficiently well defined to serve as an indicator. On the other hand 
owing to the relatively large change — of the order of 40 per cent. 
— in vibration frequency brought about by the introduction of 
deuterium atoms into the molecule and also to the splitting of 
degenerate energy levels in the molecule, the infra red absorption 
spectra exhibit striking changes as D-atoms replace H-atoms in the 
hydride. The technique has been worked out in considerable detail 
by Benedict, Morikawa, Barnes and Taylor (J. Chem, Physics,, 
5, 1, 1937) for the methanes and the ethanes. These hydrocarbons 
absorb strongly in two regions, for example, with methane at 2000 
to 3200 cm“^^, owing to valence vibrations and at 1300 to 900 cm““^ 
owing to deformation vibrations. The latter region is the more 
convenient for isotopic analysis. The nature of the absorption 
spectra is shown in Fig. 1 where the absorption coefficient is plotted 
against reciprocal wavelength for three samples of methane of 
different D-content. The molecules giving rise to the maxima are 
indicated in the diagram. Hence by measuring the absorption at 
any one of these characteristic wavelengths an estimate may be 
made of the mole fraction of any particular molecule. Further, by 
a sufficient number of absorption measurements the D-content of 
the methanes may be calculated. In fact it is even possible to deter- 
mine whether the mixture of methanes is in equilibrium, a 
circumstance which allows of the progress of the establishment of 
equilibrium being followed. 

Employing a nickel catalyst, Morikawa, Benedict and Taylor 
(J. Amer. Chem 8oc„ 58, 1445, 1936) found that CH4 and CD4 
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readily interact to yield the equilibrium amounts of the intermediate 
methanes, thus demonstrating at once that methane can be chemi- 
sorbed to methyl radicals and hydrogen atoms on such a surface. 
The exchange reaction of deuterium with methane was followed 



Fio. 1. — Absorption spectra of oqnilibrium methanes. 

180 mm. fl 181 |)or cent. 1>, b - y'5 p«r cent. P, r ^ 0 jw cent. P. 

under exactly the same conditions. Althougli this reaction goes 
somewhat slower than the CH4 — CD4 reaction, as will be observed 
from the following results, both possess practically identical temper- 



('U 4 - CD 4 reaction ; 

OH* - P, reaction : 
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l)er hour. 
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«0 

15-5 

265 
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i 

! 
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ature coefficients giving an apparent energy of activation of 20 k. cal. 
Unfortunately the para hydrogen conversion or the rate of formation 
of HD molecules in an H» — D, mixture (that is, the rate of dis- 
sociation of hydrogen) has not simultaneously been measured, but 
it is certain in view of the great activity of these bulk catalysts 
that either reaction would proceed much more quickly than the 
CH4 — CD« or the CH4 — D, reaction in presence of methane. 
The smaller rate of the CH4 - D, reaction is probably due to dis- 
placement of adsorbed methane by hydrogen. By this technique 
it is therefore proved conclusively that methane is dissociated on a 
nickel surface and that in the exchange reaction with deuterium, 
the rate of dissociation of CH4 is the controlling factor. 

When methane is replaced by ethane and hydrogen is also 
present in the reaction system, then the ethane may also undergo 
hydrogenation to methane. The rate of this latter process gives 
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the velocity of dissociation of ethane to methyl radicals. It has 
been seen that in the methane deuterium reaction, the rate of 
exchange affords a measure of the velocity of dissociation of the 
methane. In a similar manner, the exchange reaction of deuterium 
with ethane may be followed to obtain the rate of dissociation to 
CaHg + H. Employing the infra red technique, supplemented where 
necessary by gas analyses, Morikawa, Benedict and Taylor (J. Amer, 
Chem, Soc. 58, 1795, 1936) have been able to compare the velocities 
and associated energies of activation of the three processes on a 
nickel catalyst, namely (a) CH4->CH3 4- H, (6) C2H6-~>CaH6 + H 
and (c) C2H8->2CHa. One or two numerical results may be 
quoted by way of illustration to show that process (6) occurs more 
readily than (c) and with a very much smaller energy of activation. 


UydroKenatlon C,H, -f H| 2 CH 4 

Exchange C»H, f D, « C,U,n + HD 

Temp. ® C. 

Per cent. CjH* 
reacted /hour. 

Temp. ® C. 

C — D bond per cent, 
equilibrium attained 
l)er iiour. 

157. . . . 

172. . , . 

184. . . . 

4 

19 

73 

no. . . . 

138. . . . 

13 

ca. 100 


As might be expected the corresponding reactions with propane 
exhibit similar kinetic behaviour, exchange occurring more readily 
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than hydrogenation to methane and ethane (Morikawa, Trenner and 
Taylor, J, Amer, Chem, Soc., 59, 1103, 1937), For example, the 
exchange reaction goes with a speed similar to that for ethane but at 
about 40® lower on the temperature scale. 

All these results are conveniently summarised in Fig. 2 taken 
from the paper by Morikawa, Trenner and Taylor, showing the 
velocities of the several processes at different temperatures. From 
the curves it will be seen that the order in which the various bonds 
in simple hydrocarbons are broken is as follows : 

(CH 4 ~> CHa + H) > (CaHa-~> 2 CH 3 ) > CaH^ CaH^ -f CHa) > 

(CaHa-^ Cali, -f H) > 2H). 

GEOLOGY. By G. W. Tyrrell, A.R.C.Sc., D.Sc., F.R.S.E., The Uni- 
versity, Glasgow. 

Petrology of Igneous Rooks — General and European. — 
Recent investigation of the causes of the diversification of igneous 
rocks (to use a convenient new term introduced by H. L. Ailing) 
— a problem quite distinct from that of the ultimate origin of 
igneous magmae — has resolved itself into a vigorous controversy 
between the pure different iationists, and the advocates of various 
degrees of assimilation aided by gaseous transfer processes. What 
may be called the Durham school, led by A. Holmes and D. L. 
Reynolds, advocate indeed a theory of the metasomatic origin of 
many igneous rocks through processes involving the mobilisation 
of country rocks by gaseous emanations from magmas of ultrabasic 
composition. 

In his paper “ Recent High-temperature Researeli on Silicates 
and its Significance in Igneous Geology,’’ N. L. Bowen {Amer, Joum, 
Set,, XXXIII, 1937, 1-21) shows that in each of six systems which 
have been investigated in detail, the residual liquid from fractional 
crystallisation is enriched in silicates of the alkalis and aluminium, 
wWher the other comiX)nents of the systems are lime-alumina- 
silicate, lime-magnesia-silicate or iron silicate, and that the same 
enrichment will therefore occur in residua from mixtures of silica, 
alumina, ferrous oxide, magnesia, lime, soda and potash. These 
oxides make up some 97 per cent, of the composition of the average 
igneous rock. The equilibrium relations of the system (NaAlSiOt 
— ^KAlSiOi — SiO|), “ petrogeny’s residua system,” have also been 
investigated. The liquids of lowest temperatures of crystallisa- 
tion are represented by a well-defined valley in the fusion surface ; 
and rocks rich in alkali-aluminium silicates, such as the East African 
rift valley lavas, are found to have compositions Ijring in this valley. 
It is concluded that crystal 5± liquid equilibrium has been the 
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dominant control in the production of rhyolites, trachytes and 
phonolites, for the most part os residual liquids of crystallising 
magmas. 

Since pure magnesian olivines crystallise at and an 

admixture of 75 per cent, of the iron olivine (fayalite) would only 
lower the F.P. to ISOC'C., N. L. Bowen and J. F. Schairer {RtpL 
of XVlih Internal. Oeol. Congress, Washington 1933, 1936, 391-6) 
suggest that it is highly improbable that dunite liquids have been 
injected as su(;h into the accessible parts of the earth’s crust. They 
suggest that dunite dikes and sills were formed from complex 
magmas which were largely crystallised at the time of intrusion, 
and that the olivine was left behind when the residual liquid (prob- 
ably of gabbroid composition) was eventually forced on to some 
other part of the fissure. 

J. Gilluly has discussed “ The Water Content of Magma ” (Amer, 
Journ. Sci., XXXIII, 1937, 430-41). Analyses of average igneous 
rocks indicate that average magma contains not less than 1*5 to 
2 0 per cent, of water. But the phenomena of volcanism, mig- 
matisation, granitisation, and such low-grade metamorphic pro- 
cesses as chloritisation, saussuritisation and albitisation, suggest 
that the primary water content was much greater than can be 
deduced from “ average ” analyses. Gilluly suggests that values 
of 4 per cent, for basaltic magmas and 8 per cent, for granitic 
magmas in depth, are more in keeping with the geological data ; 
and that these figures are consistent with the hyi)othesi8 that the 
hydrosphere has arisen from the differentiation of the basaltic layer 
of the earth. 

In a valuable paper on “ The Crystallisation Process of Basalt,” 
T. F, W. Barth (Amer, Journ. Sci., XXXI, 1936, 323-51) establishes 
the approximate position of the boundary surface (in the 
“ basaltic ” quaternary equilibrium system albite, anorthite, diop- 
side, hyperstheno) that separates liquids precipitating feldspars from 
those that precipitates pyroxenes (± olivine). The same basaltic 
liquid may, under different conditions of cooling, give rise to (1) 
an over-silicated, (2) an under-silioated, or (3) a neutral residual 
magma. But Barth nevertheless virtually agrees with the views 
of W. Q. Kexmedy, who postulated two different kinds of initial 
basaltic magma, when he admits that normally (Barthes italics) 
the requirement for producing an under-siUcated residuum is an 
initial basaltic liquid carrying normative nepheline. 

C. N. Fenner’s paper, “ A View of Magmatic Differentiation ” 
{Journ. OeoLy XLV, 1937, 168-68), is a short r6sum4 of some of 
the major difficulties encountered in the explanation of differentia^ 
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tion by means of a single process. He concentrates attack on the 
theory of differentiation by crystal fractionation. 

A paper by T. KrokstrOm ‘‘ On the Association of Granite and 
Dolerite in Igneous Bodies {Bulh Oeol. Inst, Upsala, XXVI, 1937, 
265“>77), is partly intended as an answer to von Eckermann’s criti- 
cism of KrokstrOm’s interpretation of the origin of the Breven 
granophyre. But it is also a valuable discussion of the general 
subject. He shows that the hypothesis of crystallisation-differentia- 
tion and assimilation are inadmissible for the great dolerite dikes 
of Central Sweden, and argues tliat A. Holmes’s conception of 
partial fusion of country rocks is a more likely hypothesis to explain 
the formation of large bodies of granophyre magma in association 
with dolerite. 

A. Holmes criticises the “ Idea of (Contrasted Differentiation ” 
{Oeol, Mag.y LXXIII, 1930, 228-38) re(*ently put forward by S. R. 
Nockolds (Science Progress, XXVllI, 1934, 692), on the grounds 
that it conflicts with the experimentally-established principles of 
crystallisation-differentiation, and that the proportion of acid 
residuum formed near the end of the differentiation process is so 
small that its separation from an interlocking crystal-mesh would 
be mechanically impossible. 

The main point in Nockold’s reply (Oeol. Mag., LXXIII, 1936, 
629-35) is indicated by the following quotation : “ In the tholeiitic 
magma type the pyroxene and plagioclase (together with non ore) 
crystallise early, reacting with the liquid in the normal way until 
they have almost exhausted it in these constituents. At this stage 
a residuum is left of liiglily contrasted composition. If this cannot 
react with the early-formed crystals ... it wiU sohdify as an acid 
residuum or separate intrusion.” 

In a continuation of the controversy A. Holmes (Oeol. Mag., 
LXXIV, 1937, 189-91), while admitting the contrast in composition 
brought about os the result of crystallisation-differentiation in a 
tholeiitic magma, points out that the real difficulty is the mechanical 
separation of the contrasted parts so as to form separate magmatic; 
bodies. 

Miss D. L. Reynolds further develops her views on the theory 
of the metasomatic origin of many igneous rocks, originally based 
on her Newry investigations, by an additional paper on “ The Two 
Monzonitic Series of the Newry 0)mplex ” {Oeol, Ma^,, LXXIII, 
1936, 337-64). The hybrids of Seeconnell type include two ana- 
logous rock-series of monzonitic composition, each converging to- 
wards syenite, derived respectively from biotite-pyroxenite and 
biotite-peridotite magmas. The interpretation adopted is ” essen- 
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tially one of cumulative p 3 a*ometa 8 omatism of the invaded sedi- 
mentary rocks by the ultrabasic magmas, with accompanying 
introduction of energy possibly in sufficient quantity to lead locally 
to the generation of magma/’ 

In her paper, Demonstrations in Petrogenesis from Kiloran 
Bay, Colonsay. I. The Transfusion of Quartzite,” Miss Reynolds 
(Min, Mag,, XXIV, 1936, 367-407) shows tliat micropegmatite, 
syenite, and appmito have been developed by replacement of 
quartzite xenoliths ^gulfed in hornblendite magma. The syntectic 
rock types occur either separately or in concentric zones in individual 
xenoliths. . . . The process involved the differential diffusion of 
the various magmatic constituents into the quartzite ; of the 
major constituents, aluminium, potassium and sodium appear to 
have been introduced first.” The syntectic syenites and appinites 
thus produced may become mobile enough for ” veins ” of truly 
igneous character to be injected into the adjacent rocks. From 
the evidence presented by this occurrence a number of important 
petrogenetic considerations arise, which tell against the theory of 
crystallisation-differentiation, and in favour of the theory of meta- 
Bomatic origin of many igneous rock t 5 rpe 8 . 

A Russian view of the genesis of alkaline igneous rocks, based 
on many years of work in the Kola Peninsula, is given by B. M. 
Kupletsky (Bull, Acad. Sci. U,8,8.B., 1936, 329-39, 337-9 [English 
summary]). He shows that this classic locality has examples of 
(1) nepheline-syenites in association with alkali-granites ; (2) alkali- 
granites and syenites associated with basic and ultrabasic rocks 
such as pyroxenite ; and (3) ijolitic intrusions with unusual contact 
effects such as the syenitisation of sandstones, and the development 
of melilite rocks and carbonatites by the absorption of limestones. 

Miss D. L. Reynolds has re-examined the “ Contact Phenomena 
indicating a Tertiary Age for the Gabbros of the Slieve Gullion 
District ” (Proc. Oeol, Assoc., XLVIII, 1937, 247-75) in the light 
of J. E. Richey’s recent work which tended to show that the gabbros 
were of Caledonian age. She comes to the conclusion that the 
gabbros are definitely younger than the Newry granodiorite and 
are, in all probability, of Tertiary age. In one locality, however, 
the Newry granodiorite actually sends veins into the gabbro, but 
this is ascribed to the phenomenon of rhsomorphism (Backlund). 
It is believed that the Newry granodiorite became mobilised at 
the contact by pyrometasomatism due to the Tertiary gabbro 
magma, and thus became capable of flow, and of veining the earlier- 
solidified gabbro. 

N. Harris has published an important paper on ‘‘ A Petrological 
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Study of the Portrush Sill and its Veins (Proc. Roy. Irish Acad., 
XLlil, Sect. B, No. 9, 1937, 95-134). The bulk of the intrusion 
is a coarse mottled olivine-dolerite belonging to the Hebridean 
Plateau-Magma Type. It passes marginally into a fine-grained 
intergranular type. The proportions of iron-ore and olivine increase 
with depth within the sill. Various types of hornfels and their 
mineral developments are described. Veins of mobilised hornfels 
pass downwards into the sill from the roof of hornfelsed Lias shale. 
Other veins and sheets within the sill coih|Sri8e metasomatised 
hornfels and also a variety of synthetic rocks which are believed 
to be due to the action of the magma and its emanations on included 
rafts of hornfels. The absence of veins in the roof of Lias, and 
the capacity of the mobilised hornfels to inject the olivine-dolerite 
l)eneath, indicate that the hornfels was under internal compression, 
presumably due to expansion, while the upper part of the sill was 
contracting and under internal tension. 

In his paper on “ Contributions to the Petrology of Barnavave, 
Carlingford, I.F.S. 2. An Occurrence of Quartz-bearing Syenite and 
Its Xenoliths {Oeol. Mag., LXXIV, 1937, 125-32), S. R. Nockolds 
describes another occurrence of alkali-syenite of Tertiary age in the 
British Isles. It is believed that it formed from a true syenitic 
magma, probably a partial differentiate from the normal granite of 
the area. The syenite has been contaminated to some extent by 
xenoliths of basic igneous rock and limestone. The resulting re- 
action effects are closely investigated with the aid of chemical 
analyses. 

Pending the completion of work on petrogenesis based on the 
distribution of Ca^S Ca and K in igneous rocks, A. Holmes puts 
on record four new analyses of Irish and Scottish Tertiary igneous 
rocks ; namely, olivine-basalt, Staffa ; basalt, Giant’s Causeway ; 
olivine-dolerite, Portrush sill ; and rhyolite, Tardree, co. Antrim 
{Proc. Roy. Irish Acad., XLIII, Sect. B, No. 8, 1936, 89-94). 

J. E. Richey’s statistical study of the “ Variation in the Amount 
of Apatite in British Tertiary Igneous Rooks ” (Summ. Prog. Oeol. 
Surv. for 1936, Part II, 1987, 46-62) has yielded some interesting 
results. Apatite is especially prevalent in the acid mesostasis of 
such rocks as tholeiites and quartz-dolerites, and in the late felds- 
pathic veins of crinanites, which represent the final residua of 
crystallisation in their respective magmas. This suggests a con- 
nection between PtO® and the volatile constituents. The acid rocks 
of the same suites, however, show a marked poverty in PiOs, sug- 
gesting that the Tertiary acid magmas are not due to bulk-separation 
of the residual fractions of the above basic magmas. 


MM 
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S. I. TomkeiefF’s study of the “ Petrochemistry of the Scottish 
Carboniferous-Permian Igneous Books ” (Bull. Vole. Naples, 86r. 

II, tome 1, 1937, 69-87) “ leads to their genetic classification into 
three principal and two co-lateral series. The origin of the series 
is attributed to the influence of alkali-volatile diffusion-differentia- 
tion of the primary magma corresponding to olivine-basalt. The 
origin of the separate members of the series is attributed to crystal- 
lisation-differentiation, and in a lesser degree to diffusion-differ- 
entiation.” 

The “ Tholeiite Dykes of the Moorfoot Hills,” described by 
R. J. A. Eckford and F. Walker (Trans. Edin. Qeol. 8oc., XIII, 
Pt. Ill, 1936, 366- 70), cut Ordovician rocks, trend N.W.-S.E., and 
show resemblances to the Tertiary tholeiites of the Acklington type 
and to the Permo-Carboniferous tholeiite dikes of Perthshire. The 
balance of probability is in favour of their Tertiary age. 

“ The Composite Sill of St. Leonard’s Craig and Heriot Mount, 
Edinburgh ” has now been described by A. G. MacGregor (Trans. 
Oeol. Soc. Edin., XIII, Pt. Ill, 1936, 317-31) as consisting of non- 
porphyritic albitised basalt on the S.E. and N.W. of its outcrop, 
but having a central layer of liighly-porphyritio analcite-rich alkali- 
basalt in intervening localities. The central layer is intrusive, and 
has made room for itself by lifting its roof. 

The Isle of May, at the entrance to the Firth of Forth, has 
been described by F. Walker (Trans. Oeol. Soc. Edin., XIII, Pt. 

III, 1936, 17.6-85) as consisting of a single sill of normal augite- 
teschenite. The sporadic occurrence of a dark mesostasis seems to 
indicate a late concentration of iron in the magma ; but veins of 
still later date are of highly felsic composition, as might be expected. 

The major and central part of the Caimsmore of Fleet Granite, 
described by C. I. Gardiner and S. H. Reynolds (Oeol. Mag., LXXIV, 
1937, 289-300), consists of biotite-muscovite-granite, while biotite- 
granite occupies most of the marginal tracts. The sediments sur- 
rounding the mass have been highly metamorphosed, and are mostly 
transformed into guartz-biotite homfels, occasionally with oordierite. 

“ The Western Part of the Criffel-Dalbeattie Igneous Complex,” 
described by Malcolm Maegregor (^rf. Joum. Oeol. Soc., XCIII, 
1937, 467-86), consists of four closely -allied plutonio masses with 
associated minor intrusions. In order of age the plutonic masses 
are composed of quartz-diorite, followed by granodiorites of regularly 
increasing acidity. The quartz-diorite is believed to have been 
formed by permeation of a sodic-feldspathio magma into homfelses 
which had already been affected by migrating alkalis and alumina. 
Numerous new analyses are given. 



GKOLOGY 


631 

W. Q. Kennedy and H. H. Read have described a differentiated 
dike from Newmains, Dumfiriesshire, and its contact and contamina- 
tion phenomena (Quart Journ, Oeot 8oc,, XCII, 1936, 116-46). 
Normal markfieldite is differentiated into basic and pegmatitic 
varieties by fractional crystallisation and filter -press action. Con- 
tamination with a calcareous greywacke has led to regenerative 
reaction, defined as renewed precipitation of an earlier member at 
a later stage in the crystallisation of the same reaction series. Thus 
the normal course of mafic crystallisation was from augite to horn- 
blende ; on contamination the hornblende was followed by an 
abimdant separation of diopside. Another result of regenerative 
reaction has boon to extend the crystallisation-history to give 
prehnite instead of anorthite. 

B. C. King deals with The Minor Intrusives of Kirkcudbright- 
sliire ” (Proc. Oeol. Assoc., XLVIII, 1937, 282-306), which include 
diorite-porphyrite, albite-porphyritc, albitophyre, acid albite-por- 
ph 3 rry, plagiophyre, xenocrystic porphyry and lamproph}rre. The 
problems of albitisation and of the origin of spilitic rocks receive 
discussion. Three new analyses are published. 

Certain ** XenoHthic Minor Intrusions in the Loch Lomond 
District ” have been described by J. G. C. Anderson and G. W. 
Tyrrell (Trans. Oeol. Soc. Glasgow, XIX, Pt. Ill, 1937, 373-84). 
Three classes of inclusions occur in these porphyry dikes : ( 1 ) cognate 
xenoliths (appinites) ; (2) accidental xenolitlis of the local schists ; 
(3) accidental xenoliths of rocks unknown at the surface in the Ix)ch 
Lomond district, such as stauroUte-garnet-gneiss. On these facts 
conclusions are drawn regarding the nature of the substructure of 
the district which are in substantial agreement with those expressed 
by Sir J. S. Flett. 

In his paper, Intrusions of the Glen Falloch Area,” J. G. C. 
Anderson (Oeol. Mag., LXXIV, 1937, 468-68) describes small 
intrusions of rooks belonging to the kentallenite and appinite suites, 
with two new analyses. The kentallenite, wliich has an ultrabasic 
facies, represents a special facies of fine-grained orthoolase-bearing 
pyroxene-diorite, and appinite of coarse hornblende-diorito. 

Dealing with “ The Eastern End of the Insch Igneous Mass, 
Aberdeenshire,” 6. Whittle (Proc. Liverpool Oeol. Soc., XVII, Pt. 
1, 1936, 64-96) describes the country rocks consisting of Highland 
schists and gneisses, and pre-foliation basic and ultrabasic igneous 
rooks now represented by tremoUte-schist, hornblende-gneiss and 
amphibolite, which are intruded by the post-foliation Insch Mass, 
consisting mainly of hypersthene-gabbros with their ‘‘ end-stage ” 
derivatives. Very liigh-grade thermal metamorphism has been 
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produced in the contact rocks, and there is a considerable develop- 
ment of both acid and basic contaminated rocks. The importance 
of volatile constituents in acid contamination is confirmed by the 
abundance of apatite in the xenoliths and mixture-rocks. 

As a result of his work on lamprophyres in Jersey, H. G. Smith 
(Oeol. Mag., LXXIII, 1936, 87-91 ; Quart. Journ. Oeol. Soc., XCII, 
1936, 366-83) comes to the tentative conclusions that while the 
granites of Armorica are of Carboniferous age, the lamprophyres 
apparently associated with them may be of Tertiary age, the 
association being fortuitous and depending on fracture conditions. 
Their magmas may have been produced by the partial re-fusion 
of pre-existing rocks. 

G. S. Hadfield and H. C. M. Whiteside have described ** The 
Borrowdale Volcanic Series of High Rigg, and the Adjoining Low 
Rigg Microgranite ’’ (Proc. Oeol. Assoc., XLVII, 1936, 42-64), with 
three new analyses each of the Borrowdale andesites and of the 
Low Rigg microgranite. Garnets occur in both rock types ; in 
the lavas they are due to solfataric action, but in the microgranite 
they are probably xenocrystic, perhaps derived from digested lavas. 

The discovery of pillow-lavas by W. J. McCallien at Strabane, 
CO. Tyrone, constitutes the first record of this structure in the 
Dalradian of Ireland {Proc. Roy. Irish Acad., XLIII, Sect. B, No. 2, 
1936, 13-22). The rocks are spilites, sometimes porphyritic, which 
are now transformed into albite-epidote-chlorite-hornblende-sohists. 

The “ Large Pre-Cambrian Intrusive Bodies in the Southern Part 
of Norway,” described by T. F. W. Barth {Rept. of XV Ith Internal. 
Oeol. Congr., Washington 1933, 1936, 297-309), consist of granites 
and anorthosites. The granites are believed to have originated 
by anatexis, sometimes forming migmatites and gneisses, sometimes 
large bodies of pure granite. The later anorthosite rose from a 
deep centre in the northwestern part of the area, brecciating, 
dissolving and assimilating the gneisses, until the granitic resi- 
dual liquid spread out synolinally over a part of the old gneiss 
terrane. 

A. Kvale’s memoir “ Et kaledonisk intrusiv- og effusiv-felt p4 
Stord ” (Bergens Mus. Aarb. 1937, Naturvid. Raek. No. 1, 138 pp.) 
describes a great Caledonian igneous massif lying to the south of 
Bergen. Gabbros, granites, basic lavas (diabase-porphyrites, etc.), 
acid lavas (quartz-porphyry and granophyre), volcanic conglomer- 
ates and tuffs occur in the complex. The effusive members are 
older than the intrusive ; the gabbros older than the granites. 
The whole forms a co-magmatic province of Ordovician age. 

In his study of the Loos-Hamra region of Sweden (Soxbnob 
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Proqkess, XXXI, 1937, 510) H. von Eckermann includes a long 
aeotion on the Jotnian dolerites (Oeol. For, Fork, Stockholm, 58, 
1936, 129-343) in which he advances a new conception of their 
occurrence and diflFerentiation. Ho regards them as having been 
intruded in three distinct pulses. They have differentiated through 
monzonitio types to quite acid facies, and show magmatic features 
which suggest that they and the Rapakiwi granites belong to one 
and the same magmatic province. 

In his memoir on '' The Hallefors Dolerite Dike and Some 
Problems of Basaltic Rocks,” T. Krokstrom (BuU, Oeol, Inst, 
Upsala, 26 f 1936, 113-263) has made a parallel investigation to 
that which he made on the Breven dike (Soikncb Progress, XXVII, 
1933, 433) some 30 km. to the S.W. An olivine-dolerite injected 
in two only slightly separated pulses occupies the western half of 
the dike and the marginal parts of the eastern half ; but the central 
part of the latter is occupied by a dolerite magma which has differ- 
entiated to porphyrite. Krokstrom regards both the main types 
as differentiates from a common parent magma by a process of 
gravitational settling ; but the granophyre of Breven and traces 
of analogous acid rocks in the Hallefors dike are believed to have 
been generated by re-melting of the country rocks in ac^cordance 
with A. Holmes’s recent theory. 

The sub-title of F. Loewinson-Ijessing’s paper on A Peculiar 
T^pe of Differentiation represented by the Variolites of Yalguba 
in Karelia” (C, R, Acad, Set, U,S,S,R„ 1935, 21-7) is, ” A case 
of splitting of an effusive basic magma into two immiscible liquids.” 
It is suggested that, after the crystallisation of the pyroxenes, the 
magma split into two immiscible fractions, producing an emulsion 
represented by the varioles and groundmass, which are of strongly 
contrasted composition. 

The Khibina and Lovozero Tundras of the Kola Peninsula are 
the largest and most complex intrusions of alkaline igneous rocks 
in the world, the Khibina mass occupying 1385 sq. km., and the 
Lovozero mass 486 sq. km. The main rock of both massifs is 
nepheline-syenite with numerous variations, associated with ijolite, 
melteigite, malignite, theralite, shonkinite, apatite-nepheline rocks, 
and a host of other rare types, which abound in complex zirconoti- 
tano-silicates and minerals containing rare earths as well as niobium 
and tantalum. 

The Khibina massif consists of complex annular intrusions in 
which, while the outer margin is steep, the successive rings have 
an inclination towards the centre of the mass like enormous cone 
sheets. The Lovozero Tundra was also produced by succ^essive 
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injections and represents an example of nearly horizontal stratified 
intrusions like those of Greenland described by Ussing. As the 
Lovozero massif cuts homfels with Devonian plant impressions 
its age (and in all probability that of the KJhibina massif too) is 
post-Devonian. They were probably injected in connection with 
Hercynian orogeny. These extraordinary alkaline igneous rocks 
are described by B. M. Kupletsky {“ The Geologic Petrographic 
Structure of the Khibina Tundra on the Kola Peninsula,** BuU, 
Acad. Sci. UM.S.R., 1936, 1013-40, English summary 1039-40); 
and in Minerals of the Khibina and Lovozero Tundras ** (abridged 
English edition of the Russian monograph under the same title) 
{Lomonossov Inst, of the Acad. Sci. U.8.8.R., 1937, 152 pp.). 

A full description of the geology and petrology of the famous 
Plauen Syenite mass — often regarded as the typical syenite — ^is 
given in a previously overlooked memoir by H. Ebert, “ Die Elbtal- 
zone und das Lausitzer Massiv im Bereiche des Kartenblattes 
Dresden *’ {Erldut. z. Oeol. Karte von Sdchsen 1:25000, Blatt 66 : 
Dresden. III. Aufl. 1934, pp. 9-50). 

In an important comprehensive study of the Eibenstock- 
Neudek granite mass, which occurs as a plutonic associate of 
Variscian orogeny in the Saxon Erzgebirge, E. 0. Teuscher {Min. 
u. Petr. Mitt. 47, 1936, 211-62 ; 273-312) describes first the true 
“ magmatites,’* and then the later “ pneumatolytes ** and “ hydro- 
thermalites ** associated with them. Collectively these rooks belong 
to a unitary magmatic sequence. The second paper deals with 
the ‘‘ automotamorphites ” duo to subsequent reaction processes. 

Fourteen occurrences of keratophyres in the Devonian of the 
Lahn district have been investigated by H. G6tz {Min, u, Petr. 
Mitt., 49, 1937, 168-215). An unexpected feature of these rocks 
is the general abundance of alkali augites and hornblendes, and 
the occurrence of psoudomorphs of nepheline in one of them. While 
the rocks belong to the “ Natronreihe ** (Niggli), their chemical 
composition shows a distinct approach to the “ Kalireihe.** This 
feature, along with the relative abundance of iron ores both as 
magmatic constituents and as independent ore deposits, seem to 
be the specific characters of the keratophyres within the petro- 
graphical province. 

B. Mauritz has described “ Die basaltischen Gesteine der Tatika- 
gruppe im Plattenseegebiet (Ungarn) ** {Min. u. Petr. Mitt., 48 , 
1987, 373-400). Biotite and minerals of the zeolite group, including 
analcite, are widely distributed as primary constituents of these 
rocks. The basalts belong to the alkalic kindred (probably the 
trachy basaltic kindred, as the norms disclose a few per cent, of 
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nepheline). Numerous excellent new analyses by Dr. H. F, Har- 
wood are published, 

A laooolitliic body of Palaeozoic granodiorite on the Malka R., 
Caucasus, has been petrologically studied by S. P. Soloviev (Amer, 
Joum, Sci.f XXXn, 1936, 380-91) with the aid of three new 
analyses. The investigation was made in the course of a study 
of the radium content of the mass. The average content of Ra 
per gram of rock was 1-89 x 10“"^^ grams, and the amount of Ra 
decreases systematically from roof to floor of the laccolith. 

C. Burri and 1. Parga-Pondal deal with “ Neue Beitrage zur 
Kenntnis des granatfiihrenden 0:»rdieritandesites vom Hoyazo bei 
Nijar (Prov. Almeria, Spanien) ” (Schweiz, Min, u, Petr, Milt.y 
XVI, 1936, 226-62). It is suggested that the rock has been pro- 
duced by the addition of 20 parts of garnet-biotite-sillimanite-gneiss 
plus 5-15 parts of silica, to 75-65 parts of quartz-monzonite magma. 

I. Parga-Pondal has dealt at length with the chemistry of the 
Kainozoic igneous rocks of Spain, with numerous new analyses, in 
a Spanish publication (Trab, d, Mua, Nac, d, Ciencias Naturales, 
Ser. Geol. No. 39, 1935, Madrid, 174 pp.). 

BOTANY. By Professor E. J. Salisbury, D.Sc., F.R.S., University 

College, London. 

Thb Italian forests present an altitudinal succession of four zones 
which, in order from below upwards, are the Lauretum, the Casta- 
netum, the Fagetum, and the Picetum. Dr. A. do Philippis (JK. 
Stazione Sperimentale di Selvicolturay pp. 169, Firenze, 1937) has made 
an extended analysis of the climatic relations of these zones in relation 
to the data at present available. This analysis shows that the 
closest approximation between climatic data and vegetation distribu- 
tion is given by the ratio of annual precipitation to mean annual 
temperature. Pavari^s classification on a thermal basis corresponds 
satisfactorily with the forest zones when precipitation data are also 
taken into account. His zones were determined by the mean 
annual temperatures and that of the extreme months, but precipita- 
tion is shown to account for transgressions of the one zone into the 
others. The author rightly lays stress upon the need for exact 
investigations into the biology of the species concerned and their 
responses to climatic conditions. 

Dealing with the littoral zonation of Fucaceae in Holland (Jour. 
Ecology^ XXV, 431, 1937), J. S. Zaneveld finds that Fucub apiraliSy 
which occupies the highest zone, occurs where there is from 28 per 
cent, to 75 per cent, of exposure. The next zone dominated by 
AscophyUum nodoaum has an exposure range of from 15 per cent. 
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to 62 per cent. Fncus veaiculosibs is dominant where exposure is 
from 6 per cent, to 49 per cent,, whilst Fiicus aerratus occurs from 
where the shore is uncovered for nearly half the day (44 per cent.) 
downwards to below the level at which there is no exposure. During 
exposure the rate of water loss is most rapid from Fucus serratus 
and least so from Fucua spiralis^ the rate of water loss diminishing, 
amongst the four species studied, with the degree of exposure which 
they normally endure. Measurements showed that the higher the 
level of the species the thicker were the cell walls and the higher 
was its water-content in relation to the dry weight. But it was 
also found that the rate of water loss from the cell walls was greater 
for Fucua apiralia than for Fucua acrratua, 

G. Blum records determinations of osmotic pressimes of plants 
from Eastern Java (Berickte d. Schweiz, Boi, Oea,, B, 47, 400, 1937). 
The average for the leaves of herbs of sandy shores was 22*3 
atmospheres, for the trees of moist beaches 23*8 atms., for the 
foliage of trees of firm ground 28*1 atms., and for the foliage of 
mangrove trees 32*9 atms. An osmotic pressure of 73*9 atms. is 
recorded for Acacia leucophylla growing in a dry region. 

W. Vischer, in the same Joirrnal (p. 225), discusses the poly- 
morphism of certain Heterococcales. 

The vegetation of the banks of river deposits in various French 
rivers is described by P. Hagene (Bull, Soc, Hiat, Nat, Toulouse, 
LXXI, pp. 52, 1937). Most of the species are either hemiorypto- 
phytes or annuals, the former representing from 13 per cent, to 
53 per cent, and the latter from lOj to 88 per cent. The species 
which occur on most of the examples studied number sixteen, and 
of these constants the annuals are Polygonum aviculare, P, peraicaria, 
P, lapathifoUum, P, convolvuVaa, Raphanus raphaniatrum, Cheno- 
podium album and Linaria minor. The perennials are Agrostis 
alba, Salix purpurea, Equiaetum arvenae, Bumex criapua, Saponaria 
officincUia, Roripa aylveatria, Convolvulus aepium, OaUum mMugo 
and Artemisia vulgaris. The author found that the seeds of Agrostis 
alba, Chenopodium album, Roripa aylveatria. Convolvulus aepium, 
Linaria minor and Artemisia vulgaris will all germinate satisfactorily 
under a layer of 5 cms. of water. The perennial species are tolerant 
of submergence and, owing to their vegetative spread, to mobility of 
the substratum. The total number of species in all the locations 
examined was 166, among which may be mentioned Corrigiola 
Utoralia, Lepidium virginianum, Ludvigia paluatria, Cyperua fuacua, 
and Teucrium Botrya. On the calcareous banks of Le Doubs, which 
contain 12 per cent, of calcium and have a reaction of pH 7*2, there 
occur such calci colons species as Euphorbia hdioacopia and Reseda 
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luiea, whereas on the shingle of La Bordogne, with no carbonates and 
a slightly acid reaction (pK 6*4-6-6), there occur such calcifugous 
species as Corrigiola litoralia and Sderanthus annus. The same 
author (Bull, Sci, de Bourgogne, V, 1936) has studied the local 
occurrence of colonies of silicicole species in the prevailingly cal- 
careous area of the Jura. He finds that these are developed where 
there is either no calcium carbonate in the soil or only a trace, 
though the may be as high as 7-4. Those characterised by the 
presence of Calluna exhibited a reaction that was not less acid 
than 6*3. 

A detailed study by H. J. Lutz, J. B. Ely and S. Little of the 
distribution of the roots of Finns strobus in their relation to the 
soil profile emphasises the relative importance of the various soil 
conditions on root development. The soil horizon containing most 
roots was that consisting of amorphous organic matter (H horizon) ; 
here the number per square foot was 407 -± 37, compared with 
only 137 in the layer of partially decomposed material just above 
(F horizon) and 314 in the leached (A horizon), forming the upper- 
most layer of the mineral soil. The B horizon, though enriched 
from above, contained fewer roots than the A horizon, the average 
number being 163 ± 21 in its upper part and 84 ± 17 in its lower. 
The subsoil (C horizon) had only 25 ± 8 roots per square foot, so 
that there was a maximum root development in the H horizon, 
diminishing abruptly upwards and more gradually downwards. 
Increase of root development was found to be associated with 
increasing exchange capacity and increase of nitrogen content. 
Increase of organic matter and of finer-textured soil particles was 
also accompanied by increased root growth, perhaps owing to the 
better physical conditions and higher moisture content. The soil 
reaction showed a slight tendency to become less acid with depth, 
but appeared to have little influence on root growth, perhaps 
owing to the slight range in reaction which the soils showed. The 
total exchange capacities recorded for the various horizons in the 
profiles examined were : F horizon, 65*5 to 87*6 ; H horizon 56 to 
105 ; A horizon, 5*6 to 18*6 ; B1 horizon, 1*3 to 12*9 ; B2 horizon, 
1 to 6*6 ; Cl horizon, 0*66 to 6*14 ; and C2 horizon, 0*2 to 7*9 millL 
gram equivalents (School of Forestry, Tale, Bull, No, 44, 1937). 

PLANT PHYSIOLOGY. By Peofbssoe Walter Stilks, So.D., F.R.S., 

The University, Birmingham. 

Photosynthbsis. — ^R. Drautz (“t)ber die Wirkung ausserer und 
innerer Faktoren bei der Kohlensaureassimilation,’' Jakrb, f, vdss. 
Bot,, 82f 171-232, 1936) has followed the daily course of photo- 
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Bjmthefiis of plants of a number of different speoieB growing under 
different external conditions. The principal experiments were 
carried out on a variety of Hydrangea, though some observations 
were also made on Solanum tuberosum, Euphorbia pulckerrima and 
a number of other species. An attempt was made to analyse the 
results obtained in relation to the environmental factors. In a 
number of instances a marked depression in the rate of photo- 
synthesis in the middle of the day was observed, a depression which 
was traceable neither to external factors nor to stomatal movement. 
A lowering of the intensity of protosynthesis resulted after the latter 
had been artificially raised by supplying the material with an 
increased concentration of carbon dioxide or by continuing the 
illumination of the material during the night, the lowering being 
more accentuated the higher the intensity of photosynthesis pre- 
viously reached. The experiments suggest that an internal factor, 
which changes during the course of photosynthesis, is operative in 
such instances. Experiments in which different parts of leaves 
were used showed that, in general, photosynthetic intensity decreases 
from the base to the apex and from the middle to the margin. The 
photosynthetic activity of the leaf as a whole depends not only on 
the species, but also on the age of the leaf. Here also, the differ- 
ences must be attributed to the operation of an internal factor or 
factors located in the protoplasm. 

The daily course of photosynthesis of plants growing at the high 
elevation of 3800 metres in the Pamirs has been observed by W. A. 
Blagowestschenski (“ Uber den Verlauf der Photosynthese im 
Hochgebirge des Pamirs,'' Planta, 24, 27fi-287, 1935). Here the 
daily assimilation period is very short, commencing in August at 
sunrise, reaching a maximum by 10 a.m. or earlier, and falling 
rapidly to zero round about midday. This course of photosynthesis 
appears to be largely related to the carbon dioxide concentration 
which is very low in this region and which follows during the day 
a similar course to the photosynthetic activity. 

The daily course of photosynthesis in the leaves of white mustard 
has been followed by A. Kjar Die Schwankungen der Assimila- 
tionsintensitat der Blatter von Sinapis alba im Laufe des Tages in 
Abhangigkeit von inneren Paktoren," PUmta, 26, 696-607, 1987), 
The object of this investigation was to determine whether accumu- 
lation of assimilates during photosynthesis affects the rate of 
assimilation. The leaves were exposed to a light intensity of 22,000 
lux at 20° C. in normal air saturated with water vapour and the 
rate of carbon dioxide intake and the content of soluble carbo- 
hydrates and starch at different times throughout the day were 
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determined. As a matter of fact, no definite accumulation of 
carbohydrates takes place in the leaves, so no depression of assimila- 
tion on this account was to be expected, nor was it observed. In 
two oases a depression in the assimilation rate was observed in the 
afternoon, and this can be compared with that recorded by Drautz ; 
as it occurred on two dry warm days it may be related to another 
internal factor, namely, water content. 

Another investigation on the same subject has been published 
by A. J. Heinioke and N. F. Childers (“ The daily rate of photo- 
synthesis, during the growing season of 1935, of a young apple tree 
of bearing age,** Cornell University Agric. Exper. Sta., Mem. 201 , 
52 pp., 1937). These authors measured the rate of absorption of 
carbon dioxide by a whole apple tree enclosed in a specially designed 
assimilation chamber. They found considerable variations in the 
daily amount of photosynthesis, the factor most frequently limiting 
the rate being light. It should be noted in this connection that a 
large part of the leaf surface of such a tree is shaded for the greater 
part of the day so that the incident light possesses only a fraction 
of the total light intensity. Owing to shading, and |)erhap8 other 
factors, the older basal leaves perform a relatively small fraction 
of the total photosynthesis of the tree, the younger leaves account- 
ing for most of the carbon assimilation of the tree throughout the 
season. The authors consider that the eflect of temperature is felt 
chiefly through respiration and transpiration, the former being 
influenced by temperature more than photosynthesis, so that with 
higher temperatures the apparent assimilation tends to fall. The 
same is the case if transpiration is higher than normal for a given 
temperature and light intensity. Stomatal movement did not 
appear to influence photosynthetic activity. 

E. K. Oabrielsen and P. Larsen t)ber den Kohlenstoffhaushalt 
der terrestrischen Halophyten,’* K. Danske Vidensk. Selsk., Biol. 
Medd., 9, No. 8, 48 pp., 1936) have investigated the action of the 
light factor on the carbohydrate economy of two halophytes Statice 
Umonium and Aster tripdium representing respectively the non- 
succulent and succulent types of halophyte. IVo habitat forms 
of Aster were examined denoted respectively as the S-AsteVy sub- 
jected to daily flooding by the sea and the s-Astery subjected to 
flooding only once or twice during the winter. The Statice and 
S-Aster exhibit a high intensity of respiration, this being about 
1 mg. carbon dioxide per hour per 50 sq. cm. of leaf surface as 
compared with 0*6 mg. in the case of the s-Aster. This renders the 
ratio of maximum apparent assimilation to respiration very small, 
namely, 1*8 and 4*5 respectively in the former plants whereas in 
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the s-Aster it is about 10*6. Consequently the rate of production 
of dry matter in these forms is very diflFerent. In 24 hours at 
20° C. on the clearest and darkest days in July the values for the 
production in mg. of dry matter by 50 sq. cm. of leaf surface were 
found to be respectively 13*8 and 9*0 for Statice^ 30*9 and 15*6 for 
8- Aster y and 49*1 and 30*3 for a- Aster, 

An examination of gaseous exchange in the submerged water 
plant Elodea canadensis has been made by F. Gorski (“ Gas inter- 
change in aquatic plants during photosynthesis/’ Bull, Acad, 
Polonaise Sci, et let,y Cl, Sci, Mat, et Nat, Ser, J5., 177-198, 1935). 
Under the conditions of experiment, which were carried out at a 
temperature of 20'’ and with water containing 80 mg. carbon dioxide 
per litre, it was found that about 70 per cent, of the oxygen dijBFused 
into the water wliile the rest escaped as bubbles. The greater the 
intensity of photosynthesis the greater the proportion of oxygen 
released in the form of bubbles. The latter were found to contain 
50 to 60 per cent, of nitrogen. The author concludes from these 
findings that neither the simple bubble-counting method, nor the 
analysis of the bubbles, affords a suitable basis for absolute deter- 
minations of photosynthesis, wliile for relative measurements he 
considers the counting of bubbles to be more satisfactory than the 
analysis of the gas evolved. 

K, Arens (“ Physiologisch polarisierter Massenaustausch und 
Photo83mtheBe bei submersen Wasserpflanzen. II. Die Ca(HCOs)i- 
Assimilation,” Jahrb, f, mss, Bot,, 83, 513-60, 1936) has examined 
certain aspects of photosynthesis by species of Potamogeton in solu* 
tions of calcium bicarbonate. It is shown that leaves of these water 
plants in such solutions when illuminated absorb material through 
the under surface and excrete substance from the upper surface. 
All components of the solution are absorbed at the same time by 
the lower surface, so that HjCOa, HCO'j and all serve as 
sources of carbon. Further, since Ca ions accompany the HCO't 
and CO'’ 8 ions into the leaf calcium must either accumulate in the 
leaf or be excreted. Actually it passes out from the upper surface 
of the leaf as Ca(OH)4, and, according to Arens, at the same rate 
OB it is absorbed in association with carbonate and bicarbonate, so 
that Arens speaks of a Ca(HC08)8-as8imilation with an asaimilatory 
quotient Ca(HC08)a : Ca(OH)8 of unity. 

With the use of four different light filters E. K. Gabrielsen has 
compared the photosynthetic activity of leaves of Sinapia aJlbu in 
four regions of the spectrum namely, dark red, red-orange^ yellow- 
green and blue-violet with wave-length ranges in Angstrom units 
of, respectively, 8600 to 7000, 7500 to 6000, 6400 to 4800 and 6100 
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to 4000. (“ Die Kohlens&ureaesimilation der Laubblatter in 

versohiedenen Spektralgebieten,” Planta, 23, 474-76, 1936). It 
was found that photosynthetio activity reached a maximum in the 
red-orange, was less in the yellow-green and least in the blue-violet. 

Determinations were made of the quotient — , where A is the photo- 

synthetic intensity and E the absorbed energy, and, as was found 
to be the case in CMordla by Warburg and Negelein, it was also 
found in Sinapis leaves that this quotient increases with decreasing 
energy absorption. By extrapolating to the limiting value for 
E = 0, the maximum values of the quotient in red-orange, yellow- 
green and blue-violet lights wore found respectively to be 0*26, 0*19 
and 0*13. These values, although smaller than those obtained by 
Warburg and Negelein, are in the same order as those obtained by 
these workers for Chlorella. 

R. H. Dastur and R. J. Mehta have made a study of the effect 
of lights of different wave-lengths on the photosynthesis of leaves of 
Hdianthus annuus, Baphanus sativus and other plants, as measured 
by carbohydrate production (“ The Study of the Effect of Blue- 
violet Rays on Photosynthesis,’^ Ann, of Bot,y 49, 809-21, 1935). 
Red light of wave-length 6200-7000 A. was obtained from sunlight 
by a specially prepared carmine solution, and blue-violet light of 
wave-length 4000-4720 A. by the use of an ammoniacal copper 
sulphate solution. The rate of carbohydrate production was 
examined in sunlight, red light and blue-violet light of the same 
intensity. It was found that photosynthesis was most active in 
sunlight and feeblest in blue-violet light. In a typical experiment 
with Hdianthus the carbohydrate contents of leaves of potted plants 
exposed for a six-hour period to sunlight, red and blue lights were 
respectively 0*282, 0*146, and 0*118, while the carbohydrate content 
of the leaves of control plants kept in the dark was 0*114, the results 
in all cases being expressed as grams of carbohydrate per 100 grams 
of fresh weight of material. The results, as far as they go, are thus 
in agreement with those of Gabrielsen described above. 

Two papers have appeared by R. H. Dastur and L. K. Gunjikar 
on photosynthesis in polarised light. In the first of these (“ Effect 
of ElliptioaUy-Polarised Light on the Formation of Carbohydrate 
in Leaves,” Ann, of BoL, 48, 1003-12, 1934) experiments are des- 
cribed which show that the carbohydrate content of leaves of 
Baphanus sativus and Allium Oepa exposed to elliptically-polarised 
light is less than that of leaves exposed for the same length of time 
to non-polarised light of the same intensity, the source of illumina- 
tion in each case being a powerful flood-light lamp. In the second 
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paper (“ Energy Absorption by Leaves in Normal and Plane 
Polarised Light,” Ann. of Bot., 49, 273-81, 1935) these workers 
record the results of an investigation of the absorption of light 
energy by leaves of 12 different species from non-polarised and plane 
polarised light beams of equal intensities. With every species the 
coefficient of absorption was found to be slightly higher in polarised 
light than in non-polarised light. 

ENTOMOLOGY. By H. F. Barne.s, M.A., Pli.D., Rothainsted Expori- 
mental Station, Harpendon. 

General Entomology. — Few insects have been hitherto described 
from strata of the Cretaceous period. Recently a comparatively 
plentiful supply of insects and arachnids has been found in Canadian 
amber. Although the existence of this deposit of amber at Cedar 
Lake near the mouth of the Saskatchewan river had been known for 
nearly half a century, it was not till a few years ago that insect 
fossils were found in it by Dr. T. L. Walker. Now (Univ. Toronto 
Studies, Oeol. Ser., No. 40, 1937, 62 pp.) twenty-two new species, 
seven new genera and two new families have been described. The 
age of this Canadian amber is indicated to be Cretaceous, rather 
than Oligocene as is the Baltic amber, because of the primitive or 
generalised characteristics of these insects and of their intermediate 
position between various existing famiUes. For example, the 
Collembolan described by F. M. Folsom represents a new family, 
ProtentomobryidsB. Whereas all the twelve species of CoUembola 
from Baltic amber belong to existing genera. In addition to this 
remarkable Collembolan, an aphid (by E. 0. Essig), some Cynipids 
(by A. C. Kinsey), some Ichneumonidse, Serphoidea and Chalci- 
doidea (by C. T. Brues), some Chironomidss (by M. W. Boesil) and 
two mites (by H. E. Ewing) have been described in this contri- 
bution. 

The second part has now appeared (J. New York Ent. Soc., 45, 
1937, 149-210) of the review of the available experimental data on 
insect ontogeny by A. G. Richards. It deals with the larval and 
pupal stages. Hormones in development, the ” differentiation 
centre ” and influence of the nervous system, organ development, 
regeneration and gradient fields, teratological phenomena and 
diapause or dormancy all receive attention. 

Supra-specdfic variation in nature is the title of a paper by A. C. 
Kinsey (Amer. Nat., 71, 1937, 206-22). This is essentially a 
summary, well worth reading, of the author’s publications in 1930 
and 1936 on the genus Cynipa (see Soibnob Pbogebss, XXXII, 
1937, 126). Kinsey uses the term species to define the basic taxo* 
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xiomio tmit which i& the unit beneath which there are in nature no 
sub-divisions which maintain themselves for any length of time or 
over any large area. This unit is variously known among taxo- 
nomists as species, subspecies, variety and geographical race. 
An 3 rthing above this Kinsey terms a higher category. It is to be 
noticed that in these studies the author started with an investigation 
on the species and is working up towards the higher categories, 
instead of beginning with the higher categories and passing on later 
to the species. Unfortunately many taxonomists have done the 
latter. The conclusion reached is that there is no evolution apart 
from the modification of existent species or the differentiation of 
new species. So the same system of genetics which explains 
Mendelian races and the origin of species will explain the nature 
and origin of any higher category. 

Work on experimental studies of insect populations is becoming 
more and more popular and it is almost impossible for the general 
reader to keep abreast of it. For this reason review articles are 
welcome. T. Park (Amer. Nat., 71, 1937, 21-33) has dealt with 
density, what influences it exerts on populations and how it brings 
about its described effect. Among certain desiderata mentioned 
at the conclusion of his paper, Park stresses the fact that few precise 
data exist which merely describe in quantitative terms the growth, 
maintenance, oscillation and decline of insect populations. Another 
review paper is by J. Ford (J. Anirruil Ecol., 6, 1937, 1-14) on 
populations of Tribolium confusum and their bearing on ecological 
theory. There is also a summing up by T. Park and Nancy Wooll- 
cott of the effects of conditioned flour on certain physiological pro- 
cesses of r. oonfuaum {Physiol. ZooL, 10, 1937, 197-211). This 
information is related to population dynamics. 

After discussing the value of sweep net samples by using the 
standard deviation from theoretical and obtained means, J. R. 
Carpenter and J. Ford ( J. Soc. Brit Ent,, 1, 1936, 155-61) recommend 
the method as a simple and fairly efficient as well as rapid means of 
sampling and comparing areas under reconnaissance. A further 
discussion on the results obtained by the sweep net method is given 
by J. R. Carpenter {J, Animal Ecol., 5, 1936, 231-45). In this 
paper the literature dealing with quantitative sampling of land 
animal communities by means of the sweep net is reviewed. 

For those who are interested in biological control work the 
annual reports of the Farnham House Laboratory provide a general 
idea of work of this nature at present being carried on in the British 
Empire. The report for 1936-36 has recently appeared (Seventh 
Ann. Bept. Exec. Co. Imp. Agric. Bur. 1935-36, 1937, Appendix XT, 
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83-93). From this it can be seen that since the formation of this 
laboratory in 1927-28 the numbers of shipments and specimens of 
beneficial insects consigned abroad has risen almost steadily each 
year until 1934-35 when 166 shipments of roughly million insects 
were made. The corresponding numbers in 1935-36 fell slightly, 
but it is claimed that this was on account of an unusual scarcity, 
due to unfavourable weather, of some of the principal insects. 
Short accounts are given of specific projects undertaken during the 
year. These include those on insects affecting cereal and forage 
crops, deciduous trees, forest and shade trees, garden crops and 
greenhouse pests. In addition to work undertaken directly on the 
projects in hand, much research work is done in order to form a good 
background. An example of this is that of H. S. Hanson {Bull, 
Ent, lies., 28, 1937, 185-236) on the pine bark beetles. This 
worker found that their parasites and predators are much more 
important than is generally appreciated. Further, they are most 
numerous in young pine stands in the pole stage previous to the 
first thinning. Acting on this, the investigator devised an experi- 
ment in an attempt to keep the state of biological control at its 
optimum level by the provision of the amount of breeding material 
necessary to maintain a permanent population of hosts. This in 
turn would be kept at a level of economic control by the parasites 
and predators. At the same time the factor of overcrowding, as an 
automatic control to prevent any undue increase in beetle popula- 
tion, was brought into play in the experiment. It was found that 
the rate of growth of the crop was the decisive factor. Another 
example of this type of research work is a paper by K. R. S. Morris, 
E. Cameron and W. F. Jepson {Bull. Ent. Res,, 28, 1937, 341-93) on 
the parasites of the spruce sawfly in Europe. This investigation 
started as the result of a severe outbreak of this insect in Eastern 
Canada. Thirteen species of parasites of the sawfly were then 
known. In the present paper descriptions of thirty -one species are 
given, fifteen of which are primary, five primary or secondary and 
nine secondary only ; the status of two is not known. The biologies 
and immature stages of the obligatory and facultative primary 
parasites are also described. Nearly twenty -eight million parasitised 
cocoons and eggs of this sawfly and other closely allied species have 
so far been despatched from Europe to Canada. 

Plant poisons against insects have recently come more and more 
to the front. In view of this and in order to obtain some idea of the 
vast amoimt of progress that has been made in this field, a review 
of the literature of Tephrosia as an insecticide by R. C. Roark 
{V.8, Dept, Agric.y Bur, Ent. and Plant Quarantine, Washington^ 
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1037, 165 pp,) is of particular interest. This publication is most 
comprehensive. 

H. W. Frings and Mabel S. Fringe (Science, 85, 1937, 428) 
published a note in which they stated that a formula containing 
from 20 to 25 per cent, magnesium sulphate (Epsom salts) was as 
effective as 5 per cent, arsenic in grasshopper bait. Although the 
authors stated that complete tests had not been made, great pub- 
licity was given to tliis possible control method. Unsatisfactory 
results were without exception encountered. R. C. Smith (Science, 
86, 1937, 226-8) has now given the results of several field trials and 
has definitely shown that Epsom salts at present cannot be recom- 
mended as a satisfactory control for any insect. 

It is usual to find dead insects in the open blossom of the Blue 
water-lily (Nymphaea capensis). These insects include such robust 
forms as Eristalia tenax, E. arbnstorum, Callicera aenea, Syrphua 
ribesii and Rhingia campestria. The death of these insects has been 
attributed to mere drowning, to confinement of the insects by 
occlusion of the flower, to asphyxiation from the heavy odour of 
the blossom and to the accumulation of carbon dioxide in the floral 
cup. G. Fox Wilson (Proc, R. Ent. Soc. Lond. (A), 12, 1937, 31-40) 
has now brought forward evidence to show that death, of the more 
robust victims at least, appears to be due to a fermenting alcohol 
liquid in the stigmatic basin of the flower and not entirely to a direct 
toxic action of the fluid nor to any of the previously suggested 
causes. 

An annotated list of the insects and mites associated with stored 
grain and cereal products, and of their arthropod parasites and pre- 
dators, has been prepared by R. T. Cotton and N. E. Good (Misc. 
PubU U.8, Dept. Agric., No. 268, 1937, 81 pp.) to supply information 
regarding the food habits, distribution and relative importance of 
these insects. 

Orthoptera. — A study of the male genitalia of orthopteroid 
insects forms the subject of a memoir by R. E. Snodgrass (Snuth- 
aonian Misc. ColL, No. 6, 1937, 107 pp.). Besides dealing 
with the Mantoidea, Blattoidea, Tettigonioidea and the Acridoidea 
which belong to the Orthoptera, Snodgrass includes in this work 
the Isoptera, Embioptera, Zoraptera, Grylloblattoidea and the 
Phasmatpidea. 

LEPidhpFTERA. — It is interesting to hear that different instars of 
caterpillars are differently affected by insecticides. J. W. Evans 
(SuppL Tasmanian J. Agric., 8, 1937, 18 pp.), working with Tortriz 
poatviUana, has shown that white oil and nicotine sulphate combined 
with a spreader produced complete mortality in larvss in tunnels 

KN 



546 SCIENCE PROGBESS 

on the under surface of leaves, but the same spray applied to 
fioially exposed larvae in their fourth and fifth instars had no toxic| 
effect. Similarly lead arsenate varied in its toxicity with the 
of the larvae. In this case the larger larvae refrained from feeding 
on treated foliage. Thiodiphenylamine also had no toxic effect oif 
larvae in their third, fourth and fifth instars which consumed with 
no apparent ill effects almost equal quantities of treated and un- 
treated leaves. 

Hemiptera. — Wound healing in Rhodnius prolixus has beer 
studied by V. B. Wigglesworth (J. Expt, Biol.y 14, 1937, 304-81). 
He has found that the histological changes in cells and nuclei acti- 
vated round a wound are precisely those shown by cells during 
moulting. Further as in moulting, this process is foUowed by cell 
division. The healing reaction can be produced experimentally 
without interrupting the continuity of the skin. Thus the destruc- 
tion of the continuity is not responsible for the initial reaction to 
injury, but restoration of continuity appears necessary to stop new 
growth. 

Nancy H. Wheeler {Proc. Ent. Soc, Wash,, 39, 1937, 
in a paper describing the result of light trap studies on Emp • in 
shows that the use of light traps in connection with a pra'^tes 
research problem may be of considerable value especially \ an 
correlated with data obtained in other ways. Incidentally cJula- 
the period of greatest abundance the males far outnumben that 
females in light trap collections whereas in field oollectio^her 
proportion of the sexes is reversed. brris, 

Wing development in aphids has been variously attribt^) on 
hereditary factors and environmental ones. Among the lai' n 
light and crowding. Physiological changes in the host plant haV© 
also been mentioned in the literature on the subject. Using Toxop- 
tera aurantii on citrus twigs, E. Rivnay {Bull, Ent, Rea,, 28, 1987, 
173-9) has conducted some experiments which show that a^j'educed 
percentage of water in the food, as well as a low atmospheric hbmidity, 
are primary factors in causing wing production. Other factors, such 
as light, temperature, crowding, humidity, precipitation aijd growth 
of the plant influence the water balance in the body of .fee aphid 
which in turn causes wing development. In this oonneoyn refer- 
ence should also be made to a paper on the mealy plunJ^^^*t^xx 
L. M. Smith (J. Agric, Rea,, 54, 1937, 345-64). This if (Jeologioal 
has summarised the literature on wing determination in to tbf 
after experimentation has deduced that starvation of 5 ( 8 ^% horn 
at higher temperatures is the explanation of wing formation. 
Rivnay (toe. oit,) however states that temperature do©B not affect 
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^wing development directly but influences the water balance in 
their bodies. 

J. B. Moore (J. Econ. EfU,y 30, 1937, 305-9) has shown that the 
"^aphid Myzua peraicm is attracted to potato plants when they are 
, sprayed with Bordeaux because of the increased intensity of light 
Reflected from the sprayed surfaces. It appears that the insects 
follow the inverse-square law of light intensities, thus, it is claimed, 
^howing that light intensity is the primary factor involved. A 
practical application of this knowledge, i.e, dyeing the dusts used, 
resulted in a decreased infestation. Black dust was the most 
effective. 


Several interesting points regarding sex ratio have come to light 
in some work done by H. C. James (Bull, ErU, Res,, 28, 1937, 429-61) 
on the status of the male in the Pseudococcinse. It is quite clear 
tbiit the male of Pseudococcus is coequal with the female for the 
propagation of the species. In five species virgin females are 
inc^able of producing offspring and no form of parthenogenesis 
occmrs. The relative abundance of the male sex varies greatly from 
to species and the fecundity of the females also varies, 
^specific variability of the family sex ratios is shown to be the 
of very variable sex ratios at the time of sex determination, 
found that in the reduction division of the male there are two 
of five chromosomes, in one group they are massed close 
toxic other they are loose. The spindle fibres attached 

^^'^®^|oose group are always late in appearing and are imperfectly 
It is suggested that this imperfection is indicative of an 
^ain degeneracy which is expressed as a variable vitality that 
^SSseiyjP variability in their functional efficiency. This explanation 
would^ver the variability both in the specific and family sex ratios. 
Further^ the phenomenon of unisexual families of females only is 
shown ^ occur in P. longispinus. Delayed fertilisation in P. citri 
resulte(f%n an increased population of males proportional to the 
period oi^ delay before fertilisation. 


AGRICutTURAL PHYSIOLOGY. By Akthur Walton, B.Sc., 
Ph.D.|jSchool of Agriculture, Cambridge. 

Milk P^toitotion. — ^It has long been recognised that those breeds 
expian»®|hioh have been specially selected for mUk production 
tentative! a particular bodily conformation recognised as the 
It is, however, debatable whether this conformation 
is oauseHtol' specialised nutrition and upbringing and whether the 
actual mimng capacity depends more upon the bodily type or 
upon the acpipal size and secretory activity of the udder. Sweet 
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et alii {Jour. Agric. Beaearch, 55, 239, 1937) have attempted an 
experimental analysis. Beef type and milk type cows of oompar** 
able ages were brought up under conditions of dairy management. 
After a period of trial for milk production they were killed and 
examined. The internal anatomy and skeletal structures were 
relatively alike in the two groups, but the amount of secretory 
tissue and milking capacities were markedly different. The authors 
conclude that breed differences in production are, therefore, deter- 
mined more by hereditary factors influencing directly the confor- 
mation and inherent capacities of the udder than indirectly through 
the general bodily conformation. 

That the amount and activity of secretion of the udder is not 
irreversibly determined by intrinsic characters is, however, shown 
by Azimov and Kronge (Jour, Dairy Sci,, 20, 289, 1937), since 
they find tliat milk secretion can be increased significantly by 
injection of a preparation of anterior pituitary gland. The effect 
is most marked in the first half of the lactation. 

Male Fertility. — Much recent experimentation has gone to 
show tfiat fecundity or the spermatozoon production of the male 
is an important factor in determining the chances of fertility fol- 
lowing mating. Not only must the male produce spermatozoa, 
but at each mating a sufficient number must be liberated into the 
female tract to ensure fertility, and this number is very large, 
perhaps of the order of millions. In addition, the sperma- 
tozoa must be active. The influence of external factors, such 
as nutrition, previous sexual activity and climatic conditions on 
sperm-production has been studied. One of the most complete 
analyses of sperm -production is by McKenzie and Berliner {Agric. 
Expt. Station, University of Missouri, Bulletin 265, 1937) on the 
reproductive capacity of rams. This bulletin will be particularly 
valuable in determining norms by which fertility and sterility can 
be gauged. It will also be of considerable value to workers on 
artificial insemination, the practical application of which is gaining 
ground rapidly. 

ARCHi&OLOGY. By E. N. Fallaize, B.A. 

Excavation at Bethlehem. — ^The event of outstandittg interest 
in the arohseological world during the last six months lias been 
the exhibition of the results achieved in 1937 by the^aeological 
Section of the Wellcome Archaeological Research Expedltioiito^^hfL 
Near East, which was held at the Wellcome Research Institution, 
London, N.W.l, from July 12 to August 7. With a numbw of 
palaaontological specimens from bone beds at Bethlehem were 
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included “flints,” which it was suggested, rather than claimed, 
showed evidence of having been humanly fashioned. 

These exhibits were derived from a pit of gravels and days at 
the highest point in Bethlehem. It had been discovered in* a search 
for water, when the attention of the Department of Antiquities 
was directed to fossil bones which had appeared in the course of 
the digging. These were examined in situ by Miss D. M. A. Bate 
in 1934, and proved to be parts of the fossilised skeleton of an 
elephant. This was the first evidence of the former existence of 
the elephant in Palestine. A concession from the Department was 
granted to Mr. J. L. Starkey on behalf of the Wellcome Expedi- 
tion and Sir Henry Wellcome, and the site was excavated by Miss 
E. W. Gardner and Miss Bate in the seasons 1936, 1936 and 1937. 
The investigation is not yet complete ; and the origin of the deposits 
and their exact character are still to be determined by further 
excavation. For the present purpose it is sufficient to say that 
the gravels, dipping sharply, overlie a cemented scree or breccia. 
It is evident that the deposits are not now in their original posi- 
tion. Their run may be due to a collapsed floor or the filling of 
a funnel-shaped hole. The gravels wliich vary in size from blocks 
of half a metre to small pebbles, and consist mainly of chert, are 
water-borne, while the scree shows evidence of sub-aerial erosion. 
Among the gravels have been discovered the fossilised remains of 
an extinct fauna, which is not only almost entirely new to Palestine, 
but is also of an earlier geological age than any hitherto found 
there. It includes elephant, hippopotamus, antelope, rhinoceros, 
teatiido in both a gigantic and a diminutive form, and most impor- 
tant of all, Hipparion, the diminutive form of horse, such as is 
known from various deposits of Tertiary age in Asia and usually 
held to be characteristic of the Pliocene. This fauna Miss Bate 
has demonstrated to be of Asiatic origin, and in view of recent 
reports of Hipparion in the Pleistocene of India and East Africa, 
as certainly not later than Early Pleistocene. 

The interest of these investigations for the archseologist lies in 
the feet that from among the cherts in the gravels, which exhibit 
the effects of a great variety of forces, Miss G. Caton-Thompson 
has selected a number, for which she finds it difficult to find any 
explanation in the action of natural forces. She puts forward 
tentativdy the suggestion that they are humanly fashioned tools, 
comparing them to the East Anglian pre-Chellean “ artefacts ” 
from the Red Crag of Foxhall and the sub-crag detritus beds at 
Bramford, while some, she maintains, conform closely in shape 
and edge-trimming to the classic type of Harrisonian eolith. This 



660 SOIKNOB PBOGRBS8 

is the first time such artefacts have been found in a sealed deposit 
in Palestine or the Near East. That they are associated with an 
extinct fauna, which can be assigned to a definite geological horizon 
is of special significance. The results of the three seasons* excava- 
tion are summarised by Miss Gardner and Miss Bate in Nature^ 
September 4. 

The ‘‘ implements ** from Bethlehem have since been subjected 
to a critical examination by Dr. Dorothy Garrod and the Abb6 
Breuil. The former had also had the advantage of visiting the 
site of discovery. The verdict of both these experts was unfavour- 
able to a human origin. Writing in Nature November 6, p. 808, 
Dr. Garrod points to the absence of a bulb of percussion and the 
character of the edge-trimming, which is of the vertical type, well 
known as an effect of flaking by pressure in the soil. She also 
quotes the opinion of the Abbe Breuil that none of the specimens 
showed any flaking that could not be explained by the condition 
of the deposit in which they were found, and comparing them 
with the flints from Saint-Prest, near Chartres, associated wdth 
de^has meridionalia, at one time claimed as artefacts, but now 
generally admitted to be flaked by mechanical action. 

Mbsolithio Site in Brittany. — Not only has the interest of 
the megalithic civilisation in Brittany absorbed the attention of 
archasologists, largely excluding other periods, but it has also tended 
to divert critical examination from the statement frequently made 
that this region was not inhabited before the neolithic period. 
Some years ago M. and Mme. St. Just P6quart, not content to 
accept this verdict without exhaustive investigation, began the 
exploration of the numerous small islands which lie off the coasts, 
holding it possible that in their isolation evidence of early civilisa- 
tion might survive, such as on the mainland had long ago been swept 
away. Their faith was justified by the discovery of a habitation 
and necropolis site on the small and barren island of T6vieo, off 
the Morbihan, where the absence of pottery and polished stone 
and the occurrence of a diminutive flint industry of Tardenoisian 
type indicated that they were dealing with a culture of mesolithic 
age. 

Before summarising briefly the main points in their report on 
the results of three seasons* excavation from 1928 to 1930, which 
has been published recently by the Institut de PalAontologie 
Humaine {Archives^ M6m. 18, 1937), it will be convenient to refer 
to another discovery bearing on the presence of early man in 
Brittany which has been reported recently {V Anfkropologie, T. 47, 
8—4). M. R. Maz^res, when examining the quaternary deposits 
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of the cliflfe of the bay of St. Brieuc (C6tes-du-Nord) found two 
deposite of loess, a lower and earlier, and an upper and later, 
separated by the remains of a raised beach of marine origin. The 
earlier deposit he assigns to the Riss glaciation, the raised -beach 
to the Riss-Wiirm inter-glacial, and the upper loess, which shows 
two distinct phases of deposition, to Wiirm I and Wiirm H, In 
the earlier deposits of the upper loess, supporting the attribution 
to Wiirm I, be found a dozen flint implements of Mousterian facies, 
and a number of flakes of diabase and other rock, showing the 
same technique, and a reindeer tooth, as well as a number of bones 
of indeterminate character. The unusual employment in the 
palaeolithic period of a material other than flint is attributed to 
the extreme scarcity of the latter in this neighbourhood. From 
the later deposits assigned to Wiirm II came two well-formed 
oarinated flint scrapers of Middle Aurignacian type, another rein- 
deer’s tooth, and a tooth of one of the Bovidm. This is, as indicated 
previously, the first recorded instance of the discovery of imple- 
ments of palaeolithic man in Brittany ; although it is said that 
flints were associated with a mammoth’s tusk discovered not far 
from the locality of the present find ten years ago. 

To return to M. and Mine. P6quart. The Island of T^viec is 
situated at about eighteen hundred metres from the shore of the 
Bay of Quiberon. It measures only some 400 metres by 200 at 
its greatest breadth, and is entirely barren and without water. At 
the time of its occupation in the mesolithic age, it would seem 
that it was joined to the mainland. The mode of life of the inhabit- 
ants was entirely riverine, and not marine. They were neither 
hunters nor fishers, and lived almost exclusively on shell fish. The 
habitation site is about 200 metres square. At one time it must 
have been much larger, but it has been greatly reduced by marine 
erosion. It is composed of an indurated black soil, which, how- 
ever, crumbles readily on handling, owing to the organic matter 
it contains. This consists of kitchen refuse, shells, bones, etc., 
with which are found personal ornaments, implements, etc., although 
the flint industry is not rich. The implements include the charac- 
teristic diminutive geometric Tardenoisian forms. A number of 
hearths of various types were found, the most numerous being the 
domestic, which showed evidence of long usage in their blackened 
stones. Other forms of hearth appear to have been used for cook- 
ing, possibly at funeral feasts, and for ritual purposes. No traces 
of permanent habitations were found. The most interesting fea- 
ture of the excavation was, however, the discovery of twenty-three 
burials, in which the grave furniture included necklaces of shell 
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and pointed to a ritual use of deerhorn. Enough of the skeletal 
remains of twenty -one individuals survived to provide material for 
anatomical investigation. The burials were of male and female 
adults, adolescents and juveniles. Several graves contained more 
than one individual, and frequently a child was buried with an 
adult, not necessarily a female. The skeletal remains were sub- 
mitted to M. Marcellin Boule and M. H. Vallois for examination ; 
and they have reported on them in detail. No individual had 
attained an advanced age. Apparently the community was not 
long lived, at least so far as this evidence indicates. After com- 
paring these remains with all other known examples of mesolithic 
man, MM. Boule and Vallois are unable to indicate any special 
affinity, and suggest finally that T6viec man may be a remote and 
to no little extent modified descendant of the Chancelade man of 
Magdalenian times. This agrees with the conclusion of the exca- 
vators, who finding no affinities with cultures elsewhere sufficient 
to warrant an attribution of origin, inclines to the view that the 
T^viec civilisation is a local development derived from an unknown 
palaeolithic culture of Brittany. The discovery of palaeolithic imple- 
ments by M. Maz^res at St. Brieuc, not yet reported at the time 
the authors wrote, would lend colour to this view. 

The T6viec site is obviously of great interest as giving a very 
complete view of a mesolithic settlement and its inhabitants. The 
authors emphasise its importance — to Brittany, as the first evi- 
dence of man in Brittany before the neolithic period — ^as it was at 
the time they made their investigation ; to France, as the first 
site of the kind to be discovered in the country and as affording 
a type site for the French mesolithic ; and to European archaeology 
at large as providing a link between the mesolithic civilisation of 
Northern Europe and that of the South. 

Pal.®olithic Succession in Britain. — A series of studies of 
the industries of the palaeolithic period, which promises to be 
of no little value for the student of the prehistoric archaeology of 
Britain, is initiated by Mr. T. T. Paterson in the Proceedings of 

Prehistoric Society, 1937, 3, 1. He begins with an examina- 
tion of finds at Bamham St. Gregory, a site from which brick- 
earth had been dug in a valley running parallel to the Little 
Ouse near Cambridge. Although implements had been found here 
previously in the brick-earth, the actual site now described was 
not found until 1933. The implements occur in gravels and sands 
with intercalated beds of clay and silt, totalling in all a depth of 
64 feet. These deposits underlie brick-earth, in which coups de 
poing have been found 3 feet above the gravel surface. Six dis- 
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tinot industries are identified, of which five belong to the gravels. 
These are distinguished on the evidence of geological horizon, state 
of wear and patination, and typology. The earliest industry is 
heavily rolled and battered, and deeply patinated. It is found 
deep down in the gravels, whereas the other industries are con- 
fined to the top layer, their relative age being indicated by their 
depth in the gravel, as well as by patination and wear. The sixth 
industry comes from the brick-earth and is essentially Acheulean, 
whereas the earlier gravel implements are essentially flake imple- 
ments. More than 1600 implements have been taken from the 
pit. Considering the industries as a whole, Mr. Paterson holds 
that at Bamham we have a series of industries showing progressive 
development along indigenous lines, uncontaminated by contact 
with other cultural techniques. Though it belongs neither to 
Clactonian nor proto-Levalloissian, its position is such as to warrant 
the suggestion that it be called the Barnham sequence of the 
Clactonian. 

Mr. Paterson’s study of the Barnham pit is of considerable 
importance in relation to the question of geological sequence ; but 
its discussion must» be passed over to refer to interesting result 
which emerges from the discovery by Mr. J. Reid Moir and Mr. 
J. B. Calkin of upwards of forty Clacton flakes and rough-outs at 
South Acre, Norfolk {Nature, October 23, p. 731). Prom the 
equation of the South Acre gravel with the uppermost Cannonshot 
gravel of Norfolk and this in turn with the Chalky Boulder Clay 
of Suffolk, it is deduced that the implements date from the close 
of the Hoxne inter glacial. The implements and the character and 
level of the South Acre deposit are shown to be precisely similar 
to those of Slindon in Sussex, where a palBoolithic floor was found 
resting on a raised beach and covered with Coombe Rock. It is 
thus possible to link up the Slindon Coombe Rock with the South 
Acre deposit, and the Upper Chalky Boulder Clay. Hence it is 
evident that the glaciation responsible for laying down these various 
deposits was of no mean order. The South Acre gravel is more 
than 20 feet in thickness. 

A further contribution to the study of the geological and 
palaeontological succession in East Anglia, of no little importance 
to archaeologists, is a comparison by Dr. Frederick E. Zeuner of 
conditions in East Anglia and Germany in Pleistocene times. The 
author writes in support and amplification of the scheme tenta- 
tively put forward by Professor P. G. H. Boswell in 1932 and 1936. 
He shows {Proc. PrehisL 5oc., 1937, 3, 1) that there is a remark- 
able similarity in the East Anglian and the North German series 
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in (1) stratigraphical sequence, (2) in the pal»ontologioal evidence 
from the Cromer Forest Bed and that of Mosbach and Mauer^ and 
(3) a fair agreement in the archseological sequence. In the geo- 
logical evidence the correlation Dr. Zeuner has worked out is as 
follows : (6) Scottish re-advance — Pomeranian — Wiirm iii ; (6) 

Hunstanton Brown Clay — Wechsel — Wiirm ii ; (4) Upper Chalky 
Boulder Drift — Warthe — Wiirm i ; (3) Great Chalky Boulder Clay 
— Saale — Riss ii ; (2) Norwich Brick -earth and (?) Cromer Till — 
Elster — ^Mindel ii ; (1) a possible glaciation in late Crag times — 
a supposed glaciation of unknown extension — Giinz. The evidence 
from Hoxne is the first from a British station to show a minor 
glacial oscillation correlated with the pre-Wiirm or so-called “ warm 
Mousterian ” of Germany between Saale and Wiirm i. This implies 
the identification of Hoxne as Riss-Wiirm and not Mindel-Riss as 
some would maintain. A comparison of the Cromer Forest Bed 
fauna with the Mosbach and Mauer indicates that it belongs, as 
they do, to the Giinz-Mindel interglacial, while the Crags, afford- 
ing evidence both geological and paleeontological of a cool climate, 
or even of two cool sub-phases, may be regarded with some reserve 
as Gunz. The archaeological succession, taking the Crag industries 
as Giinz and the Chellean as Giinz-Mindel interglacial, while 
Clactonian HI (High Lodge) is assigned to Riss-Wiirm, is shown 
to coincide sufficiently closely with the archaeological sequences and 
their geological correlations in France and Germany. 
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Ambix 1 (R B. P.) 

The first Number of this Journal, dated May 1937, is introduced 
by Sir Robert Mond, the President of the Society responsible for 
its production. Sir Robert states that the task to which its mem- 
bers have set themselves is that of deciphering the past history of 
science, a task which has proved attractive to many distinguished 
chemists in the past and is alluring to not a few well-known present- 
day philosophers who are devoted to research into the inner mean- 
ing of the records of early enthusiasts, the origin of theories and 
the history of discoveries. The results of their endeavours will be 
embodied in the new publication. The title is the Greek term for 
an Alembic, the typical apparatus of alchemy. 

Curiosity may, for a time, induce a man of science to give a 
passing thought to such speculations, but this delving into the past 
requires steady application and more than an ordinary acquaint- 
ance with languages, classic and modern, if the researcher digs 
below the top spit. This is demonstrated in the paper contributed 
by Professor Partington — ‘‘ Albertus Magnus on Alchemy ” — an 
example of scholarly industry, with exactly a century of biblio- 
graphical references. He reveals Albertus, who was canonised in 
1931, as a critic and a commentator of alchemy as well as a practical 
scientific worker. Albertus experimented and directed experiments 
on his own initiative — ^not without regard to the influence of the 
stars on the operations. 

Mr. Julius Ruska discourses on the “ Methods of Historical 
Research ” dealing, inter alia, with the records collected by Bor- 
riohius, Sohmieder, Kopp, Berthelot and Von Lippmann on ‘‘ The 
Life of Morienus ’’ and the legend of his conversion of Sultan Calid. 
Mr. Ruska emphasises the need for further translations of, and 

^ The Journal of the Society for the Study of Alchemy and Early Chemistry, 
VoL I, No. 1. Edited by Dr. F. Sherwood Taylor, 8, Breams Buildings, 
Chancery Lane, E.C.4. [Pp. 92.] Free to members (annual subscription 
£1 U.) ; non-members, Libraries and Institutions, £1 4s. (post free) for 
four issues. 
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commentaries on, early chemical works and for the application of 
critical methods for the disposal of illusions, in order to amve at 
truth. This desideratum and the methods of historical research 
are clearly illustrated by Dr. Sherwood Taylor in his investigation 
into the Origins of Greek Alchemy '' as evidenced by Hellenistic 
Egyptian texts, in which he introduces, incidentally, quotations 
from an Assyrian tablet attributed to the eighth century and from 
Chinese alchemical texts. Numerous Greek MSS., most of which 
have been translated by Bert helot, are to be found in the Libraries 
of Europe. These are concerned with both the practical and 
mystical aspects of the Art, the earliest dating from A.i). 70. Papyn 
of the third century preserved at Leyden and Stockholm indicate 
that the colouring of a metal, so as to imitate gold or silver, was 
regarded as analogous to the dyeing of cloth, and that “ gold- 
making,” or the augmentation of gold, was effected by debasing 
genuine gold. 

Mr. Gerard Heym supplies an introduction to the “ Bibliography 
of Alchemy ” for the benefit of students who have only a superficial 
acquaintance with the literature of the subject, and promises a 
further contribution which will include historical works, special 
monographs, etc. He also deals with “ The Aurea Catena Homeri 
and Dr. Sherwood Taylor supplies a translation of “ The Visions 
of Zosimos.” 

Another interesting item is a report of a discussion on chemical 
and alchemical symbolism (with illustrations) to which Professor 
Partington contributes his findings on the origin of the use of 
planetary symbols for the metals ; Dr. Sherwood Taylor deals with 
symbols in Greek alchemical writings ; Dr. A. P. Titley, with the 
macrocosm and microcosm of mediseval alchemy ; Mr. Gerard 
Heym with alchemical picture books, and Dr. D. MoKie, with 
chemical symbols used by Oswald Croll, Robert Hooke and Nicolas 
I^mery. 

The Society has embarked on a voyage of re-discovery and it is 
not beyond the bounds of probability that, in pursuing these absorb- 
ing and seemingly altruistic studies, its members may be successful, 
in the light of present knowledge, in solving problems which foiled 
their predecessors and in achieving results, not only of interest, 
but of material value. 

The Journal is very well produced. 

MlaoeUanea. 

H.M. the King has approved the award of Royal medals by the 
Council of the Royal Society to Prof. N. V. Sidgwiok, for his work 
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on valmoy and molecular structure, and to Prof. A. H. R. Buller 
for his researches on the biology and sexuality of the Fungi. The 
President and Council of the Society have made the following 
awards: Copley medal to Sir Henry Dale in recognition of, his 
contributions to pharmacology, especially to the pharmacology of 
muscle and neuro-muscular transmission ; Davy medal to Prof. 
Hans Fischer for his work on the chemistry of the porphyrins ; 
Buchanan medal to General F. F. RusseU for his work on behalf 
of the International Health Division of the Rockefeller Foundation ; 
Sylvester medal to Prof. A. E. H. Love, in recognition of his work 
on classical mathematical physics ; Hughes medal to Prof. E. O. 
Lawrence for his development of the cyclotron and its application 
to nuclear disintegration. Sir William Bragg has been re-elected 
president of the Society. 


The Nobel prize for Physics for 1937 has been awarded to 
Dr. C. J. Davisson and Prof. G. P. Thomson for their work on the 
wave properties of moving electrons. The prize for chemistry has 
been divided between Prof. W. N. Haworth and Prof. Paul Karrer 
for their contributions to biochemistry. 


Lord Riverdale of Sheffield, K.B.E., has been appointed Chair- 
man of the Advisory Council to the Committee of the Privy Council 
for Scientific and Industrial Research in succession to the late 
Lord Rutherford. Dr. G. M. B. Dobson, F.R.S., Lieut.-Col. J. H. M. 
Greenly and Mr. S. K. Thornley have been appointed to be members 
of the Advisory Council in succession to Prof. A. Fowler, Sir Clement 
Hindley and Dr. T. Franklin Sibly, who retired from the Council 
upon the completion of their terms of office. Sir William 
H. Bragg has also been appointed a member of the Advisory 
Council. 


At the invitation of the Indian Science Congress Association 
the British Association will be represented by a large and repre- 
sentative delegation of its members at the Jubilee meeting of the 
Congress which will take place in Calcutta during the week January 
8-9. Sir James Jeans will preside over the meeting in place of the 
late Lord Rutherford. Lord Rayleigh has been elected president 
of the British Association for the meeting to be held at Cambridge in 
At^ust. 

Prof. Joji Sakurai, president of the Imperial Academy of Japan, 
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has been elected to succeed the late Marchese Marconi as vice- 
president of the International Council of Scientific Unions. 

Sir D’Arcy Wentworth Thompson has been elected president of 
the Royal Society of Edinburgh and Sir Thomas Holland president 
of the Geograplxical Association for 1938. 

The Croix do Chevalier of the Legion of Honour has been con- 
ferred on Mr. G. E. Pearson, governing director of the Wellcome 
Foundation, by the President of the French Republic. 

The Carl Lueg gold medal of the Verein deutscher Eisenhiitteleute 
has been awarded to Prof. Sir Harold Carpenter. He is the first 
Englishman to receive this distinction. 

Dr. R. d’ E. Atkinson, associate professor of physios in Rutgers 
University, New Brunswick, has been appointed chief assistant at 
the Royal Observatory, Greenwich. 


We have noted, with great regret, the announcements of the 
death of the following well-known men of science during the past 
quarter : Dr. J. R. Airey, mathematician and, since 1933, joint 
editor of the Philosophical Magazine ; Major B. F. S. Baden-Powell, 
formerly president of the Royal Aeronautical Society ; Prof, de 
Burgh Birch, emeritus professor of physiology in the University of 
Leeds ; Dr. W. N. Bond of the University of Reading, physicist ; 
Sir John Dewrance, past president of the Institution of Mechanical 
Engineers ; Prof. J. E. Duerden, until 1932, professor of zoology 
in Rhodes University College, Grahamstown ; Prof. A. W. Gibb, of 
Aberdeen, geologist ; Mr. W. S. Gosset, head of the scientific staff of 
Messrs. Arthur Guinness, Dublin ; Prof. Albert Heim, For. Mem. 
R.S., of Zurich, geologist ; Mr. Richard Inwards, meteorologist ; 
Prof. V. L. Kellogg, until 1931 secretary of the National Research 
Council of the U.S.A., zoologist ; Prof. F. B. Loomis of Amherst 
College, Mass., palsoontologist ; Prof. M. Maclean, emeritus pro- 
fessor of electrical engineering in the Royal Technical College, 
Glasgow ; Mr. Andrew Mellon, founder of the Mellon Institute for 
Industrial Research ; Dr. Percy Phillips, director of the Hydrological 
Service of the Physical Dept., Ministry of Public Health, Cairo ; 
Mr. F. A. Potts of Cambridge, zoologist ; Prof. Hans Reck of Berliui 
geologist ; Lord Rothschild, F.R.S., zoologist ; Mr. A. Sharpies, 
head of the Division of Plant Pathology, Rubber Research Institute, 
Malaya ; Mr. F. C. Thompson, lecturer in the Leather Industries 
Dept, in the University of Leeds ; Prof. J. G. Thomson, director of 
the Dept, of Medical Protozoology at the London School of Hygiene 
and Tropical Medicine. 
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In a letter to Nature (August 14, 1937) Prof. C. 8. Gibson of 
Guy’s Hospital Medical School, states that thin films of gold may 
be deposited on glass and other surfaces by the decomposition of 
certain Srgano-gold compounds (such as diethylmonobromogold) 
when dissolved in a suitable solvent such as ethanol to which alkali 
has been added. Objects coated in this way have been loaned to the 
Imperial Institute by Prof. Gibson and may be seen in the South 
African Court. 

Imperial Chemical Industries Ltd., has developed a new sub- 
stance for waterproofing textile fabrics which has been put on the 
meirket under the name Velan. It is stated that textiles woven 
with fibres impregnated with it retain their waterproof properties 
after repeated washing and dry cleaning. It increases the supple- 
ness of the cloth, does not affect its air permeability, and adds little 
to the cost of manufacture. 

The Bell Laboratories Record for September 1937 contains an 
account of the lead-calcium grid storage batteries which are being 
developed in the Laboratories. Pure lead, otherwise quite satis- 
factory, lacks the mechanical strength necessary for accumulator 
grids, and it is customary to obtain the necessary strength by alloying 
the lead with 9 per cent, of antimony. Antimony, however, is 
electropositive to lead, so that the local action due to the minute 
antimony /sulphuric acid/lead cells results in the formation of lead 
sulphate and a self-discharge of the cells which, in practice, causes 
a loss of some 26 per cent, of the total charge per month on open 
circuit. It has been found that lead alloyed with about O-l per 
cent, calcium is hard enough to be used in the grids and since 
calcium is electronegative to lead, the local action results in the 
discharge of hydrogen on the lead and not in the formation of lead 
sulphate. The calcium is dissolved, but inasmuch as it is present as 
a large number of small particles of Pb,Ca separated from each other 
in the lead only the surface particles are dissolved and the acid does 
not reach the bulk of the calcium underneath. Experiment has 
shown that, “ after a hundred charge-discharge cycles the lead- 
calcium cells showed a rate of self-discharge of only about one-fifth 
that of the lead-antimony cells,” Laboratory tests of the lead- 
oaloium cells have been satisfactory but production methods have 
to be developed and service tests carried out before they become 
available for general use. 

The October number of the Record contains an account of the 
new diphonic loud speaker recently introduced to the motion 
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picture industry under the name Mirrophonio Sound. Two speakers 
are used, one about 7 feet high for frequencies below 300 and the 
other, with a horn divided into fifteen exponential cells each 
8 inches square at the flared opening, for frequencies above 300. 
It is specially designed to give accurate reproduction over a field 
of wide angle. A liorn with a single air passage tends to concentrate 
sound of higher frequencies on its axis. 

The Metallurgy Research Board of the Department of Scientific 
and Industrial Research has published a monograph entitled 
Magnesium and its Alloys (H. M. Stationery Office, 2^. 6d. net) which 
contains a summary of the papers on this subject published in 
various parts of the world in recent years. One of the great obstacles 
to the use of the metal and its alloys at the present time is the 
readiness with which they corrode in certain types of water and 
other liquids. They arc highly resistant to alkalis, but sea-water 
spray in the atmosphere greatly increases the corrosion. The 
addition of from 0-5 to 2-5 per cent, of manganese improves matters 
but it appears that when the corrosive conditions are severe pro- 
tection by paint is necessary and then the problem is to produce a 
film on the metal to which the paint will adhere. “ Leaded 
petrols produce corrosion of any magnesium surfaces to which 
they have access in internal combustion engines, but the action can 
be inhibited by the addition of 1 per cent, of quinoline to the fuel. 
A number of possible uses of magnesium alloys involve the ex- 
posure of the metal to elevated temperatures, and for this reason 
their mechanical properties when hot become important. Silver 
increases the ultimate strength of magnesium up to 290° C., 
but its effect when used alone is not so marked as that of 
aluminium. Recently cerium has been added to magnesium and 
corium-calcium-magnesium alloys have been studied. The mono- 
graph states that cerium has a pronounced effect in increasing the 
strength of magnesium at elevated temperatures. Even small 
quantities of the order of 1*0 per cent, have a remarkable effect in 
increasing the hardness of magnesium at 300° C. The addition of a 
small amount of calcium to the cerium-magnesium alloys is beneficial 
in preventing oxidation during melting and heat treatment, and also 
in improving the age-hardening properties. The increased hardness 
due to heat treatment is, however, relatively small even when 
calcium is present. A harder alloy can be produced by adding 
nickel to the cerium-magnesium alloys, but the nickel alloys were 
found to be very liable to corrosion. This can be slightly reduced by 
replacing nickel with cobalt and manganese. 
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The Bulldin of the Imperial Institute for July-September, 1937 
(Vol. XXXV., No. 3) contains an account of the Sierra Leone 
diamond field written by its discoverer, Mr. J. D. Pollett, A.R.S.M., 
of the Geological and Mines Department, Sierra Leone. The first 
diamond was found by Mr. Pollett in January 1930, when working 
with the Director, Major Junner, in the Kono district. The crystal 
was identified as a diamond by Mr. Pollett and Major Junner in the 
evening of the day of its discovery and next day Major Junner 
found another. The discoveries were announced by a notice outside 
the Mines Office at Freetown, but one or two gold prospectors in 
Sierra Leone at the time failed to find any diamonds and nothing 
was done until, in March 1931, Major Junner persuaded the Con- 
solidated African Selection Trust Ltd. to send a prospecting party 
to examine the area. Meanwhile Mr. Pollett found two more 
diamonds. The prospecting party found others and ultimately, in 
1935, the Selection Trust was given the sole right to prospect for 
diamonds in Sierra Leone tlirough its subsidiary the Sierra Leone 
Selection Trust Ltd. (except in two iron ore concessions where all 
mineral rights had already been granted to the Sierra Leone Develop- 
ment Co.). The Government takes 21\ per cent, of the profits and 
the company pays £7,000 per annum by way of mineral rents. 

The diamonds are found in the river gravels in deposits, separated 
by barren areas, and while it is possible that they have been spread 
over the whole area from a common source by an ancient and now 
non-existent river it seems more probable that they have been 
derived from local basic igneous intrusions. The quality varies 
from diamonds of the poorest type known as bort, to first-quality 
gemstones. The heaviest stone found up to the time of the report 
weighed 144 carats, but this was only of medium quality ; the best 
weighed 78 carats and was sold for £5,000. The total sales value of 
the production increased from £20 in 1932, and £4,486 in 1933, to 
just over £500,000 in 1936, and Mr. Pollett considers it certain that 
the field is assured of a long life. 

The same issue of the Bulletin contains a reprint of the report on 
pyrethrum cultivation in Japan prepared by the British Vice-Consul 
at Seoul. This report first appeared in 1930. It contains a full 
account of the production and use of the plant with statistics 
brought up-to-date from reports from the Department of Over- 
seas Trade. 

We have received a copy of the Select List of Standard Scientific 
and Technical Books by British authors, compiled by the Association 
of Special Libraries and Information Bureaux as a guide in selecting 
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books for a library.” The list is prefaced by a Foreword written 
by the President of the Royal Society, and an introduction by Sir 
Richard Gregory, who states that the Book-List Committee “ has 
made every effort to ensure that the books will be regarded as 
justly representative of existing works in science and technology 
now available from British publishers ” and that ” The list should 
serve a valuable purpose in making such works known abroad as 
well as afford guidance to standard volumes worthy of inclusion in 
private or public libraries at home.” There are 321 titles altogether 
arranged under 21 subject heads covering the whole field of pure and 
applied science except Agriculture and Medicine. The variation in 
the standard of the selected works, which is intentionally very wide, 
will be realised when it is mentioned that No. 16 is Whitehead and 
Russell’s Principia MaihemcUica and No. 60 Sir William Bragg’s 
delightful Universe of Light. It seems probable that the value of 
the list would have been increased if some simple means had been 
adopted to indicate the classes of readers for which each book is 
suited. 



ESSAY REVIEWS 

PASCAL, THE SCIENTIST AND THE MAN. By L. N. Q. Filok, 

O.B.E., M.A., D.Sc., F.R.S., Professor of Applied Mathematics in the 

University of London, University College. Being a Review of Pascal : 

The life of Genius, by Morris Bishop. [Pp. xiv 4- 398, with 6 plates 

and 5 figures.] (London : G. Bell & Suns, Ltd., 1937. 12«. 6d. not.) 

To the average educated Frenchman, Pascal is primarily a “ moral- 
iste," the author of the “ Pens6es,” one of the literary and philo- 
sophical glories of the “ Grand Si^cle ” ; to the average educated 
Englishman (if his education has included Mathematics !) he is a 
name attached to a theorem. On this side of the Channel, only 
the specially cultured know the writer and the polemist ; and 
both in France and in England, only the historian of Science re- 
members the experimenter who abolished Nature’s horror of the void. 

Mr. Morris Bishop, who gives us the latest life of Pascal, is 
neither a Frenchman nor an Englishman. He brings to a very 
old, very difficult and very controversial subject that freshness 
of outlook which one so readily expects (but does not always obtain) 
from the New World. A Professor of Romance languages in Cornell 
University, he is evidently very much at home in that world, so 
passionately alive, of the French seventeenth-century. And he 
has given us, possibly for the first time, a Pascal who is, if not 
true, at least nearly credible. 

Pascal has alwa3r8 been an enigma. His mathematical precocity, 
his excursion into the domain of experiment, his short-lived appear- 
ance in the guise of a man of the world, followed by his semi- 
mystical conversion and his transformation into the unofficial 
apostle of Jansenism — ^that curious Calvinistic creed which fiAmed 
for a brief space in the midst of the Catholic world — an apostle 
whose writings have influenced the literature and the thought of 
France to this day, all the above combine to make a many-sided 
and puzzling personality, the contradictions of which have not 
been fully reconciled. 

Moreover, certain facts have never been cleaued up. There 
seems little doubt that what remained of Pascal’s papers (he tells 
us himself that he destroyed many of his scientific manuscripts 
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after the religious crisis of November 1664, and he probably 
destroyed much besides) was very carefully edited after his death 
by his kinsfolk the P6riers and by the two leaders of the Jansenists 
of Port-Royal, Arnauld and Nicole. A Pascal legend was created 
and sedulously fostered. 

Only extracts have been preserved of his letters to his friend’s 
sister, Mile, de Roannez, over whom he seems to have acquired an 
influence which impelled her to enter the novitiate at the convent 
of Port-Royal, from which she emerged after his death to make a 
most unsuitable marriage. None of her letters to him has sur- 
vived. Their relations remain a mystery, in which Mr. Bishop 
thinks he has found the key to much that is otherwise obscure in 
Pascal’s character. 

Even the authorship of that curious pamphlet Discoura atir 
les Passions de V Amour, discovered in 1842, by Victor Cousin in 
the Abbey of Saint-Germain-des-Pr^s (where the other MSS. of 
Pascal had been originally deposited) and attributed to Pascal, is still 
in dispute. Many authorities deny that it is the work of Pascal, 
though Mr. Bishop gives strong reasons for accepting it as such. 

By nature and early training Pascal must undoubtedly be 
classed as a mathematician. The story told by his sister Gilberte 
of how, at the age of twelve, he discovered for himself a number 
of theorems in geometry by studying diagrams made with charcoal 
on the floor of his playroom, has become a commonplace. But 
in the seventeenth-century. Natural Philosophy knew not the fine 
distinctions which have since divided Science into almost water- 
tight compartments, and a man might be a mathematician one day 
and a physicist the next, which indeed happened to Pascal. 

His belief in experiment as the basis of all scientific knowledge 
was doubtless imbibed from the atmosphere of the Acadimie librt 
to which, at the age of thirteen, he was introduced by his father, 
Etienne Pascal. This free Academy ” was an informal gathering 
of those in Paris interested in Natural Philosophy and met in the 
rooms of Father Mersenne ; the members, who were generally 
opponents of Aristotelianism, included among others Roberval and 
Desargues. This body may have been the nucleus of the future 
Academie dea Sciences, just as the very similar informal meetings of 
the Invisible College ” at Oxford gave birth to the Royal Society. 

Mr. Bishop is evidently impressed by a little essay in which 
Pascal compares the deductive mind (esprit giomOrique) with in- 
tuition (es'^it de finesse), and he has built upon it a theory of 
Pascal’s scientific method,, which he contrasts with that of Descartes. 
It seems, however, very doubtful whether Pascal ever really envis- 
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aged intuition as an instrument of scientific discovery. His esprit 
de finesse is the instinct of the man of the world which cuts the 
Gordian knot of problems too complex for systematic analysis, 
not unlike what, in a more specialised field, has been termed the 
“ engineering instinct.” Still less is there reason to beheve that 
he differed from Descartes in preferring to proceed from particulars 
to the general instead of from the general to the particular. The 
sentence in the “ Pr6face sur le Traite du Vide,” to which Mr. 
Bishop appears to refer when he ascribes to Pascal the statement 
that no amount of a posteriori verification can prove a hypothesis, 
is merely the usual logician’s warning against basing a universal 
assertion on an incomplete enumeration — what we should nowadays 
call generalisation from imperfect induction. But as all inductions 
fix)m experiment are necessarily imperfect, this goes directly against 
the biographer’s theory. 

Nor could this theory survive a careful reading of another 
essay of Pascal’s entitled ” De I’Art de persuader,” in which he 
strongly condemns the evidence of the “ heart ” (intuition) in 
purely mundane matters, and admits, as the most infalUble method 
of argument, demonstration from some accepted first principles, 
which is in fact the method of Descartes. Pascal’s antagonism 
to Descartes (apart from the personal element) seems to be mainly 
on religious rather than on scientific grounds. 

Anyhow, “ intuition ” sometimes failed to rescue Pascal the 
scientist from strange lapses, as when he stated, in support of 
the contention that living bodies were unaffected by all-round 
pressure, that if a fiy were placed in a test-tube partially filled 
with water and the water then compressed by a piston, the fly 
would “ walk about with liberty and vivacity along the glass,” 
which experiment Robert Boyle having performed with ” a strong 
Flie, it was presently drown^.” Mr. Bishop points out that this 
came from a MS. published after Pascal’s death and may have 
referred to an experiment projected but not actuaDy performed. 
Even so, it betrays a singularly “ Cartesian ” inversion of the 
mental procedure which we are told is characteristic of Pascal. 

At the age of sixteen Pascal produced what is probably his 
greatest contribution to mathematics, his famous mystic hexagram, 
the theorem now always associated with his name, that the three 
intersections of opposite sides of a hexagon inscribed in a conic 
lie on a straight line. This, together with a few other results on 
oonios, was published as a single closely-printed sheet. 

Pascal had meant to follow it up by a treatise on Conics. That 
he did write this we know, because a^r hie death the manuscript 
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was seen by Leibniz in 1672 and from Leibniz’s notes we oan form 
some idea of its contents. These seem to have amounted to a fairly 
complete treatment of conics on modem projective lines. PMoal 
proposed to draw over 400 corollaries from his mystic hexagram. 
He may indeed have done so, for the hexagram is really nothing 
less than a new definition of the conic and so must contain all 
the properties of the curve. 

The author of this biography of Pascal apparently lays no 
claim to any specialist knowledge of either Mathematics or Physios. 
If so he is to be congratulated on the remarkably clear and generally 
sound exposition which he has given of Pascal’s work in these 
two spheres. But one may reasonably challenge the justice of 
his verdict that Pascal’s achievements do not place him in the 
first rank either of physicists or of mathematicians. In the case 
of one who died comparatively young and whose periods of scientific 
activity were so abnormally short, quahty must count at least as 
much as quantity. The experiment of the vacuum within a vacuum, 
when he placed a barometer inside an exhausted tube and showed 
that the gradual readmission of the air caused the mercury to 
rise slowly above the equilibrium level, was (if really due to Pascal 
and not, as some think, to Auzoult) a triumph of experimental 
skill in the conditions of that time, and as decisive a demonstration 
as the much better known comparison between the barometer 
heights at the top and foot of the Puy-de-D6me. 

Moreover, the proportion of Pascal’s scientific works which 
have been lost is probably tmusually large. Reference has already 
been made to the destruction of his manuscripts in 1664. Only 
two have survived of a long list he sent in that year to the AcaditnM 
Pariai&n/ne. Much was lost after his death. Thus the treatise on 
Conics, seen by Leibniz and returned by him to Rtienne P6rier, 
has disappeared. 

His work on Conics and on Probability alone would entitle 
Pascal to a very high place among mathematicians. The theory 
connected with the arithmetical triangle all but anticipated Newton’s 
binomial theorem, and Leibniz admits that it was Pascal’s work on 
the cycloid which inspired his own development of the infini tesimal 
Calculus. 

Mr. Bishop says that the total of days when mathematics was 
Pascal’s chief mental concern “ would probably not surpass three 
years. This is hardly time enough,” he adds, “ to make a great 
mathematician.” 

Would it not be truer to say that only a great mathematician 
could have produced so much in so short a time 1 What of Nvariste 
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Galois, whose writing was the work of one night ? And sorely 
great mathematicians are bom, not made. 

Pascal the man is a different story. In some ways he had 
the mentality, not of a French bourgeois, but of a Scotch covenanter. 
His egocentric intolerance is visible long before he sought the cells 
of Port-Royal, in the persecution, during his Rouen days, of the 
unfortunate Brother Forton de Saint-Ange, in his tyrannical and 
proselytio interference with the lives of his good-natured brother-in- 
law Florin P6rier, of the rest of his family, of his friends, including 
the Due de Roannez and his ill-fated sister. And the combined 
odium theologicum et seienUjicum, which seems to have been one 
of his dominant characteristics, — one indeed unpleasantly common 
in that uneasy century — reappears in his castigation of P^re Noel, 
in his enmity to Descartes (not himself, unfortunately, free from 
reproach), in the vindictiveness of the Promnciales, in the callous 
and not altogether fair treatment which he accorded to the “ com- 
petitors ” in the affair of the cycloid. “ Consider, I beg of you, 
gentlemen,” said Cromwell, ” that you may be wrong ! ” It never 
seems to have occurred to Pascal that he might be wrong. His 
conversion was really an expression of his innermost nature ; the 
notion of predestined grace, with its sense of inborn superiority — 
that spiritual priggishness which takes many forms, religious, 
artistic and political, from the assurance of l^ing saved to the 
consciousness of some hypothetical racial superiority — tins belief 
fitted Pascal like a glove, nor was there any need of a supernatural 
illumination to lead him to Port-Royal. He talks of God, and 
of Christ, incessantly, but one can read the “ Pensees ” from end 
to end without a glimmer of a suspicion that the most important 
Christian command is “ Love one another.” 

That he was a genius no one will deny, save those who adopt 
Carlyle’s definition of “ an infinite capacity for taking pains ” — 
the “ longue patience," which certainly was not Pascal’s. But 
the lightning intuition, the revealing flash, which most of us associate 
with genius, were his without question, and this genius permeated 
all that he did, in every domain. 

Perhaps the real key to his character is that he was a sick man, 
strugg ling with disease from childhood upwards, his will-power 
stretched to breaking-point in an effort to pierce the veil of physical 
suffering. That such an effort must have hardened his personality 
and exaggerated it to distortion seems a possible conclusion. His 
latest biographer does indeed give us a vivid and convincing picture 
of a torm^ted mind, which found a strange relief from physical 
pain in the exaltation of self-inflicted moral agony. When we 
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read of his last months, darkened by illness, bereavement, defeat 
and the bitterness of work undone, the little traits are forgotten 
and we think only of that great and tragic figure whose epitaph 
might well have i^n that of King Lear 

Vex not liis ghost : O let him pass ! He hates him 
That would upon the rack of tliis tough world 
Stretch him out longer. 

THE GREAT ICE AGE. By P. G. H. Boswell, D.So., F.R.S., Pro- 
fessor of Geology in the University of London, Imj^erial Collego of 
Science and Teolinology. Being a Review of the second edition of 
The Quaternary Ice Age, by W. B. Wright. (Pp. xxvi -f 478, 
with 23 plates and 165 figures.] (London : Macmillan & Co., Ltd., 
1937. 25^. net.) 

The first edition of The Quaternary Ice Age was published in 1914, 
“ just before ’’ (as the Author says in his Preface to this second 
edition) “ the outbreak of the European War. That this circum- 
stance did not prevent it being read is apparent from the fact that 
there is one copy of it at the bottom of the Levant, and, I believe, 
a second in the English Channel.’^ But what the author does not 
relate is, that in the difficult times that followed publication he 
was marooned for a week or two, while engaged on official duties 
for the Geological Survey, in a village in the west of Ireland, 
with no other reading matter but this volume which he had long 
laboiued to write, re-write and read in successive stages in proof. 
Almost trop de richesse ? Such a circumstance, which must have 
produced a feeling akin to nausea in even an enthusiastic exponent, 
might well explain the long delay in the issue of a second edition 
of the work, notwithstanding the fact that the first edition had 
immediately taken a foremost place as a standard text-book. More 
likely, though, the delay was due to the important advances made in 
detailed knowledge during the past quarter of a century. What we 
then learned concerning the events of the Great Ice Age has led to the 
abandonment of the monoglacial theory in Britain and to a renewal 
of belief in the older view of alternating glacial and interglacial 
episodes. Indeed, it may fairly be said that when the fiirst edition of 
thisbookwas written, the Ice Age hod no real stratigraphy, although 
subdivisions had been established in Britain, America and the Alps. 

In the course of the last two or three decades, investigations 
in many parts of the world have produced an enormous amount 
of literature, and all students will be grateful to the author for 
undertaking the onerous task of preparing a summary, and for 
presenting it in such a readable and attractive manner. But this 
task has necessitated much more than mere revision of the first 
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edition ; most of the chapters have been expanded, and many are 
new. Thus there has been a material increase in length of the 
book and there are many new illustrations ; although the format 
is excellent, the book itself is rather heavy. 

The chapter-headings alone are a sufficient guide to the wide 
scope of the work. The physical or dynamical side is dealt with 
in chapters on Glaciers and Ice-Sheets, Glacial Drifts, Phenomena 
of Retreat, Theories of the Ice Age, Oscillations of Level in Fenno- 
scandia, Britain and North America, and the author’s Isokinetic 
Theory, to which further reference is made below. The strati - 
graphical aspects are considered in chapters on the Pliocene Deposits 
of Britain (which herald the oncoming of the Ice Age), the Older 
Drift of the British Isles, the Newer Drift, and the River-Gravels 
of the South of England ; and all threads are drawn together in 
the regional discussions in chapters on the Glaciation of Britain, 
of Europe, of the Alps and of North America (with a chapter 
devoted specially to the Quaternary Lakes of that continent). 
Contemporary life in relation to the climatic changes has called 
for chapters on the loess (the dust-like deposit distributed by 
centrifugal winds, probably during ice-advances) on Quaternary 
Mammals and on Quaternary Man. And lastly, though perhaps 
outside the strict limit of the Ice Age, the post-glacial changes of 
climate in North-West Europe form the subject of a useful chapter. 

In the first edition of this book the author pointed out that a 
modification of the Isostatic Theory was necessary to explain the 
various levels of the terraces and beaches that mark late-glacial 
and post-glacial shorelines. Warped shorelines are associated with 
all glacial centres ; and they rise, on the whole, towards the centres 
of dispersal of the ice. The author regards these features as the 
marks of a struggle between rising land (relieved of load by melt- 
ing of the ice-sheets, i.c., isostatic effect) and rising sea (augmented 
by melt-waters, i.6. eustatic effect). Where these two factors 
were equal for any prolonged time, well-marked shorelines were 
formed. The author proposes to call this modification of the 
earlier conception the Isokinetic Theory. 

One aspect of the physical characters of glaciers and of the 
deposits that result from their melting has received but scant 
attention ; it is concerned with the interesting structures (as dis- 
tinct from textures) seen within ice-sheets. These are known as 
englacial structures and are commonly determined by dirt-bands ; 
to them seem to be related the very interesting disturbances seen 
in unconsolidated deposits in various parts of the world, concern- 
ing which there is now a considerable literature. Unfortunately, 
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noDfi of the olassio occmrenoes of these straotures, such as Biigen, 
Meen, Lfinstrup, and others appears in the Index, nor does the 
Index include any reference to the still fascinating and much-visited 
sections showing these contortions in the Cromer and Ipswich dis- 
tricts, described by G. Slater and others. The neglect of this 
aspect of the study of ice may explain also the fact that the author’s 
treatment of moraines and drumlins gives the impression of not 
being altogether up-to-date. 

It is high time that the map on page 61 showing the glaciation 
of the British Isles ceased to be reproduced. It is misleading in 
its implication that the ice-fiowe as indicated were contemporaneous ; 
for any attempt to compress into an instant of time the varying 
physical events of half a million years is of less than doubtful value. 

While we must pay tribute to the wide reading and deep know- 
ledge shown by the author when he is dealing with the physical, 
physiographical and regional aspects of his subject, we feel that 
this high standard is hardly maintained in the chapters on the 
stratigraphy of the Glacial Period. As the author says, the rapid 
evolution of Early Man (rapid, that is, as compared with contem- 
porary m a mm a ls) makes his skeletal remains and implements of 
great zonal value for the purpose of subdividing and correlating 
Pleistocene deposits. Admittedly, it is asking a great deal that 
the expert geologist should be competent and up-to-date in certain 
branches of archieology ; but the difficulty has to be faced that 
the two fields of study now overlap so de^tely that a successful 
exponent of the history of the Ice Age must be well informed in 
both sciences. Unluckily for geologists, perhaps, detailed informa- 
tion relating to the geology as well as the arohteology of the Ice 
Age appears in archaeological and not geological publications in 
Western Europe. This volume on the Quaternary Ice Age will 
certainly be consulted, if not bought, by archaeologists desirous of 
learning the latest views regarding the relation of glacial and inter- 
glacial phases to cultures and industries of early man. Chapters V, 
VI, IX, and XVI, which are most concerned in this connection, 
will prove disappointing to archaeologists. The investigators who 
interpreted the succession in the east of England may not neces- 
sarily be right, but their views, if expounded, should be correctly 
stated. This succession is important because it is the most com- 
plete in Britain, but one gets the impression that the author has 
not paid adequate attention to it. 

We note, for example, that it is hardly true to say that the 
section at Foxhall Road, Ipswich, yielded to Boswell and Moir a 
more complete archaeological record than Hoxne (as stated on p, 78 ) ; 
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Sainty did not obtain a primitive Chellian implement from the 
Norwich Brickearth (p. 79) ; it is not now correct to state that 
the Chalky-Kimmeridgian Boulder Clay has been proved at Hoxne 
and Ipswich to bo clearly prior to Early Acheulian. Other state- 
ments on page 79 are debatable, to say the least, in the light of 
recent work. It was the conclusion of Boswell, not Solomon (p. 81), 
that the North Sea Drift was the product of floating ice. As Solo- 
mon wrote a paper dealing exclusively with the Morston beach 
section, we can only conclude that the author has no knowledge 
of it, for he says (p. 93) that Solomon “ hardly makes more than 
passing reference to this very important point ” ; the paper in 
question is not mentioned in the bibliography on the chapter. On 
page 127 the terms Kimmeridgian and Jurassic have become trans- 
posed. The table of classification of human industries on page 269 
and the notes on page 274 are too much out-of-date in outlook and 
generalisation to be of use now in Pleistocene stratigraphy. 

Perhaps the most unfortunate omission is that of adequate 
reference to the succession in the Lower Thames Valley or to the 
investigator who has, without exaggeration, revolutionised our ideas 
of the later stages of the Ice Age in relation to Early Man. On 
page 121, for example, the author speaks of the Coombe Rock as 
Mousterian. There are now known to bo several coombe-rocks of 
different stratigraphical ages ; and the term Mousterian in this 
connection, as elsewhere in Britain, may mean one of many things ; 
in fact, it is inappropriate. 

Considerations of space may of course have prevented a fuller 
and therefore more exact treatment of these questions, but if this 
was pressing, then it might be urged that the chapters on the 
theories as to the Cause of the Ice Age could be shortened con- 
siderably. When one views the vast field covered by this book, 
the question certainly arises as to whether it is not expecting too 
much for one author to deal fully with the complex story of the 
Ice Age. Has not the time come for joint work by two or more 
authors — a kind of Priest and King combination 1 

In justice to the author and to his important work, it should 
be emphasised that these critical remarks refer in the main to only 
four chapt^ of the book. Attention has been drawn to certain 
defects in order that archsBologists, teachers and others who may 
use the volume for instructional purposes should know in what 
directions it ought to be supplemented. Critical notes, if given 
precision, are bound to bulk largely in a review such as this, while 
praise being more general, is less conspicuous ; but the greater 
part of the work merits the highest appreciation. 
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Interpolation and Allied Tables. Roprintod from the Nautical Al* 
manac for 1937. [Pp. 48.] (London : H.M. Stationery Office, 1936. 
1«. net.) 

Thesk tables, which have developed out of the practice of H.M. Nautical 
Almanac Office, are now issued separately as an aid to computers in a wider 
field. They are designed to simplify the labour of interpolating into tables 
where the required accuracy demands the use of differences higher than the 
first. Only a very elementary knowledge of the theory of interpolation is 
required ; in the text the most convenient difference formula are given, 
the tables give the coefficients in these formulas, and several examples are 
worked to show exactly how the calculations are performed. 

Central difference formulae are used throughout. The coefficients of 
the Bessel formula are tabled at argument intervals of 0 001, and the co- 
efficients of the Everett formula at intervals of 0*01 . In addition very useful 
critical tables are given. These show the limiting values of the argument, 
between which a coefficient has a fixed value, and can therefore be used 
without interpolating for the argument. The range of application of all 
these auxiliary tables depends, of course, on the magnitude of the differences 
of the function interpolated. Special attention is paid to this point in the 
text, and each method described is accompanied by a statement of the 
conditions which the differences must satisfy for it to be valid. 

A novel method introduced is that of the “ throwback,” whereby a formula 
requiring high order differences con be reduced to one of lower order. It 
is noted that as the argument ranges from zero to unity the ratio of the 
fourth order Besselian coefficient to the second order coefficient never differs 
much from — 01 84. This suggests the formation of what are termed 
” modified ” second differences such that — 0184A^v. It is 

then shown that, provided fourth differences do not exceed 1000 in the last 
figure to bo retained, it will be possible to use a modified Bessel or Everett 
formula, whore replaces A^ and foiuth difference terms are ignored. It 
appears that this method may have wide application. In particular its use 
would render sujierfluous the printing of tables with both second and fourth 
central differences. These differences could be replaced by the single 
” modified ” second differences. An auxiliary table giving 0*184A*^ for 
different A*^ is provided. 

Another useful table in the tract under review is one giving directly the 
second difference term in Bessers formula. The table is one of double entry, 
being entered with the argument (at intervals of 0*01) and the sum of the 
central differences at the end points of the panel (at intervals of 5 in the last 
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figure retained). This table is useful for jjerforming inverse interpolations, 
for which a very convenient method is described in the text. With the aid 
of two Bninsviga machines, calculations often meticulously avoided by 
scientists become child's play. 

Finally, tables of coefficients are given for computing derivatives 
differences and for the calculation of differences in sub-divided intervals. 
A number of useful quadrature formula are also collected together. 

In short, this tract is an extremely useful addition to the apparatus of the 
trained computer. To scientists of every description, whose work involves 
reference to mathematical tables, this summary of the most practical methods 
of interpolation, together with the discussion given of their accuracy, should 
prove most valuable. The tract is prefaced by Dr. L. J. Comrie, who is 
well known, both in the scientific and in the commercial field, for his un- 
remitting efforts to reduce to a minimum the tedium of computations of 
many different types. 

B. L. W. 

Trigonometry. Part I : Intermediate Trigonometry. By T. M. 

MaoRobbrt, M.A., D.Sc., and William Arthur, M.A. | Pp. x -f 206, 
with 76 figures.] (London : Methuen & Co., Ltd., 1937. 5«. 6d.) 

The authors say that this volume, designtni as the first part of a complete 
text-book on trigonometry, is intended for use in the first-year classes in the 
universities and in the more advanced classes in the schools. 

The scope of the book is best indicated by the titles of the chapters. 
These are : angles, measurements of angles, arcs, sectors ; the circular 
functions ; circular functions of rolattMi angles, equations ; graphs, inverse 
functions, area of a segment of a circle ; orthogonal projection ; addition 
theorems ; transformation of products and sirnis ; the standard linear 
equation ; triangle formulte ; solution of triangles ; heights and distances ; 
properties of quflulrilaterals. 

This list indicates that the subject matter is elementary. Tlie book, 
however, is comprehensive and more than a mere introduction to the subject. 
The main text is in ordinary typo and the subsidiary matter in smaller type ; 
this keeps the general ideas to the fore, but the subsidiary remarks are 
important and all deserve to be read by the serious student. One of tho 
chief features of the book is tho large collection of worked examples and of 
unworked examples with answers, those including plenty of “ hard ** ones 
for the advanced student. 

Were it not that the book is elementary in character one would feel 
inclined to criticise the presentation of various fundamental parts of the 
subject where the student is apparently expected to use his intuition. The 
general impression given by these is one of hurry to get them over “ because 
you can see what is happening anyway.** 

Tlje writer has painful memories of the gymnastics involved in leaniing 
ever so many geometrical proofs of the addition theorems, etc., one for every 
possible case. The authors get round this by using co-ordinates and 
orthogonal projection to prove the addition theorems and then the allied 
theorems are deduced algebraically. One fears, though, that examiners 
ore still liable to ask for a direct geometrical proof. This point illustrates 
a need for some agreement on what can reasonably be expected from the 
ordinary student in a subject which involves such masses of detail. 
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Five-figure tables are used, and the authors say that they do not print 
tables because most readers will find it convenient to use separate sets. 
Most schools, however, use four-figure tables, so some checking of answers 
may be needed. 

Taking the book as a whole, one feels able to recommend its use by those 
for whom it is written. Its price is very reasonable ; the printing is clear 
and readable. 

J. W. A. 

ASTRONOMY 

Comets. By Maky Pbootor, F.R.A.S., and Dr. A. C. D. CROMMSLm, 
F.R.A.S. [Pp. xi 4- 204, with 3 plates and 0 figures.] (London ; 
The Technical Press, Ltd., 1937. 8s. 6d. net.) 

This book retells the story of some famous comets, and sketches the careers 
of several indefatigable cornet hunters. Among the former are those that 
boar the names of Halley, Encke, Biela, and Pons-Wiimecke, while the 
observers whoso methods and achievements are described include Pons, 
Hind, Derming, Tebbutt, and Barnard. The South Africans, Roid and 
Forbes, whose discoveries all belong to the last twenty years, are somewhat 
surprisingly included in the list of “ pioneers.** 

Miss Proctor is responsible for five of the eight chapters. She quotes 
liberally from various sources, including her father’s articles in Knowledge^ 
the AstroTwmical Memoirs of John Tebbutt, and papers in the MorUhly 
Notices and the B,A*A, Journal. Dr. Crornmelin has contributed the Preface 
and Chapters II and III, but, in addition, extracts from hie earlier writings 
are frequently inserted. 

The final chapter deals with the problem of the origin of comets. The 
absence of markedly hyperbolic orbits makes it improbable that they are 
visitors from interstellar space. R, A. Proctor, over fifty years ago, was the 
first to suggest that they wore bom within the solar system and that the 
gumt planets were their parents. This theory is strongly supported by 
Dr. Crornmelin, who considers that the disturbances frequently observed on 
Jupiter and Saturn, and the variability of light shown by Uranus and 
Neptune, are evidence that there is still sufficient energy below the cold 
surfaces of these planets to make good the constant wastage in the comet 
family. 

There is a certain lack of cohesion about the book, and it cannot claim 
to be by any moans a complete account of present-day oometary knowledge, 
but it makes quite interesting reading. 

R. W. W. 

SEISMOLOGY 

Introduction to Theoretical Seismology. By J. B. MAOXLWArai 
S.J., and F. W. Sohon, 8.J. Part 1 : Geodsrnamica, by J. B. 
Macklwane, S.J. [Pp. X + 360, with 67 figures and 16 plates,] 
(New York : John Wiley & Sons, Inc. ; London : Chapman & HaU, 
Ltd., 1936. 30fi. net.) 

This book may be described as the up-to-date coimterpart, in the English 
language, of Galitzin*s classical work Vorleswngen iiber 8 eistnomet 9 ^ and it 
should therefore be welcomed by English-speaking seismologists wbo» 
hitherto, have had to rely mainly on text-books in a foreigpa langpiage. 
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Part n of the book, which was published in 1032, dealt with the theory 
of the methods now in use for recording earthquakes. Part 1 is concerned 
with the mathematics and physios of earthquake waves. In the earlier 
chapters of this volume the mathematical theory of elastioity and its applica- 
tion to the propagation of waves within and at the boundary of an elfistic 
solid are treated in very great detail. The theory of the rofloction and 
refraction of seismic waves is discussed and there is an account of the methods 
of deriving the paths of the waves through the earth. The later chapters 
of the book are especially useful to the practical seismologist ; they deal 
with the interpretation of seismograph records and with the various methods 
of determining the epicentres of earthquakes. Problems associated with the 
very important class of shocks that originate at abnormal depths ore 
adequately discussed and a reproduction of the Brunner cliart showing times 
of travel of deep earthquake pulses, on a scale convenient for practical use, 
is included with the volume. 

For the student who wishes to make a serious study of the physical and 
mathematical aspects of seismology the book can be recommended os being 
the most comprehensive that has appeared in the English language in recent 
years. In the introduction the author remarks that a study of the under- 
lying theory of seismology will benefit the geologist ; this is very true, but 
the geologist would need to possess a good mathematical equipment in order 
to understand the problems dealt with in tliis book. The book is well 
produced and well illustrated ; there is no lack of references to important 
original work on the subject and a useful feature is that the full titles of 
papers are included in the references. 

F. J. S. 

PHYSICS 

The General Properties of Matter. By F. H. NEwsiAN, D.Sc., 
A.R.C.S., F.Inst.P., and V. H. L. Seakle, M.Sc. Third Edition. 
[Pp. 427, with 117 figures.] (London : Ernest Benn, Ltd., 1936. 
18«. net.) 

The first edition of “ Newman and Soarlo was published in 1929 and the 
book has since established itself as one of the standard works on Properties 
of Matter. The edition imdor review is described as “ revised and enlarged,** 
some extensions having been made (peu^ticularly to the chapter on Elastioity), 
and exercises having been appended to each chapter. 

The authors have made a serious attempt to keep the work up to date. 
For instance, Heyrs determination of the gravitational constant is men- 
tioned, although its importance is rather belittled by its omission from the 
table of the most credited values of the constant. Milner’s treatment of Gibbs* 
adsorption equation is now included, but the measurement of contact angles 
— a matter of increasing importance in industry — is still very inadequately 
dealt with. 

However, the authors know best how wide an appeed they wish to make 
and it is clearly intended to include the mathematician and engineer. The 
reviewer’s own opinion is that the dynamics treated in “ Newman and Searle ” 
are more likely to be foimd in standard works elsewhere than are some of the 
more physical subjects which the authors omit. 

The reduction in price from 26s. to 18s. is a wise step, but the quality of 
the paper and the general appearance of the book have suffered noticeably. 

R. C. B. 
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The New Chemistry. By E. N. da C. Audeadb, D.Sc., Ph.D., P.R.S. 
[Pp. 58, with 8 plates and 6 figures.] (London : G. Bell & Sons, 
Ltd., 1936. Zs, 6d. net.) 

This little book gives a vivid descriptive account of modern work on the 
disintegration of atoms. It is written with the extreme clarity which wo 
have enjoyed in larger works from Prof. Andrade’s pen and is enriched 
by a number of plates depicting the cyclotron and other methods of producing 
particles with high kinetic energies which can bo used to bombard nuclei. 

In a witty preface the author declares liis intention of providing an account 
of the recent work f)n transmutation which may bo read by all who have 
scientific tastes. To all such readers it may be strongly commended. 

S. 8. 

An Introduction to Nuclear Physics. By N. Feather, Ph.D. 
fPp. X -h 213, with 3 platcw and 21 figures.] (Cambridge: at the 
University Press, 1936. lOa. 6d. net.) 

In this volume Dr. Feather surveys the enormous harvest of knowledge about 
the nucleus which has boon gathered during the last twenty years. There 
is perhaps no other subject in which the theory and experiment have advanced 
so rapidly and in some expositions it is difficult to disentangle ascertained 
facts from interesting but as yet unverified speculations. This error Dr. 
Ffjather has carefully avoided. He first emphasises the phenomenologioal 
aspect of each problem and then proceeds to give a brief account of the rele- 
vant theories. He has thus provided a valuable introduction and summary 
of the present state of knowledge, and as such the book will find many 
readers. There are sections in which one might desire a fuller accoimt of the 
experiments or a more detailed analysis of the theory, but it must be admitted 
that the compression and selection which are inevitable in a work of this 
character have boon very judiciously done. Had the author yielded to the 
temptation to expand the more exciting parts of liis theme the book would 
soon have reacihed unmanageable dimensions. 

Part I reviews the growth of the conception of the nucleus as an entity 
possessing mass, charge, and structure. The modem picture of a nucleus 
composed primarily of protons and neutrons and of nuclear processes governed 
by quantum mechanical laws is built up from the data furnished by studies 
of radioactivity, mass spectra, and artificial disintegration. Port II surveys 
in greater detail our knowledge of the stable nuclei, furnished by accurate 
determinations of nuclear masses, spin quantum numbers, and nuclear mag- 
netic moments. This section contains an account of the interesting results 
obtained by the molecular beam method which has materially supplemented 
the information about rotational properties of the nucleus first obtained 
from an analysis of the hyi>erfino stmctiue of spectra. 

Part III reviews the main results wliich flow from the study of unstable 
nuclei ; these are grouped under the headings, emission of a-particles, emis« 
sion of electrons, and emission of quanta. Here is to be found an account 
of the theories of /?-ray disintegration and the neutrino hypothesis of Fermi 
which is a helpful introduction to this fundamental problem of modem 
physics. Part IV deals with the very large number of nuclear transforma* 
tions which have been brought about in recent years by the' impact of 
Qc-porticles, protons, douterons, neutrons, and quanta of radiation. The 
types of disintegration processes are classified and the value of measure- 
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ments of disintegration energies in the aoourate determination of nuclear 
masses is illustrated by a number of examples. The development of the 
current theories of this new chemistry of nuclei is set out in admirable 
fashion ; it will be highly appreciated by many non-specialists who wish to 
apprehend the principles which arc shaping the development of the modom 
science of alchemy. 

S. S. 


Structure of Atomic Nuclei and Nuclear Transformations. By Q. 
Gamow. Being a second edit -ion of Constitution of Atomic Nuclei 
and Radioactivity. The International Series of Monographs on 
Physics. fPp. xii -f- 270, with 3 plates and 70 figures.] (Oxford : 
at the Clarendon Press ; London : Humphrey Milford, 1937. 17s 6d. 

net.) 

It is five years since the first edition of this book appeared. The increase in 
size of the work in the present edition is an indication of the mass of new 
detail which has become available in this short interval. The change in the 
character of the content illustrates the change in the point of view which has 
resulted from the new information. 

An outstanding feature of the first edition was the account of the author’s 
work on alpha-ray disintegration. That is a part of the subjwt which has 
altered very little. In the present work the account is ami)lified and some 
formulflc modified, but in the direction of completion, not in the direction of 
revolution. 

One of the chief changes, which is well illustrated by contrast in the 
two editions, is the discovery by Fermi of a theory of beta-ray disintegration. 
Five years ago the author wrote five pages on the general feattires of this 
process and was perforce content with remarks on the riddles set by the 
experimenter in this branch of radioactivity. Now we have a complete 
chapter of nc^arly thirty pages on the subject, and this is not enough, for the 
theory is a very remarkable one and is the outstanding contribution to 
nuclear jdiysics in these five years. It is based on an argument of a very 
general character. It is true that the idea of proton-neutron and electron- 
neutrino transitions appear to suggest a very special mechanism and one 
which to some may be distasteful. This is, however, a mere scaffolding to 
enable the discoverer to write down equations which, based on an analogy 
with the quantum theory of radiation, are more general than this detail 
may suggest. 

The author is content to keep very close to the original paper, and this 
is to be regretted. Tlie reader of a text-book in physics does not require 
every detail of intermediate steps between one stat/cment and the next, 
especially when the details are of a purely mathematical character. But a 
master of the subject loses an opportunity when he strides over many steps, 
illustrative of the physical aspect of a procedure, with the remark “ after 
some calculation ” we obtain the following result. 

This applies to the calculation of the total probability of creation of an 
electron in the course of the account of Fermi’s work. 

The author, as is well known, is an authority on this branch of modem 
physios where we are now looking for important developments. He has 
divided his work into throe parts, Stable Nuclei, Spontaneous Nuclear 
Trazisformations and Nuclear Treuisitions by Collisions. The book contains 
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a careful mathematical presentation of the subject and is full of carefully 
collected detail. It is not too much to say that it is the most complete account 
of the subject in English and is indispensable to all workers in this Held. 

H, T. F. 

The Low Voltage Cathode Ray Tube and its Applications. By G. 

pAmi. [Pp. X + 177, with 76 figures, including 6 plates.] (London : 

Chapman & Hall, Ltd., 1937. 10a. 6d. net.) 

Mr. Parr (who is a member of the Radio Division of the Edison 8wan 
Electric Co.) lias written a thoroughly practical book on the most widely 
used form of cathode ray oscillograph. It will serve as an introduction for 
those using cathode ray tubes for the first time as well as a reference book 
for the rtisearcher and electrical engineer. The treatment is non -mathematical. 

The first two chapters deal with construction and performance of both 
gas-filled and high -vacuum tubcis. Wo then have a complete chapter on 
Lissiijou’s Figures, unusual in such a book but useful. Chapters 4 and 6 deal 
with various forms of time base circuits, and are followed by three chapters on 
applications, including television. The scope of these applications may be 
judged from the titles of some of them : Loud Speaker Response Curves, 
Dynamic Characteristics of Valves, Ionosphere Observations, Explosion Pres- 
sures, Measurement of the Velocity of Sound, The Electrocardiograph. A few 
slips have crept in, but they are relatively unimportant and can easily be 
corrected in the next edition. There is a short appendix on photographic 
recording and a most valuable classified bibliography of over 400 references. 
For some workers the bibliography alone will be worth the price of the 
book. The illustrations are good and the paper will withstand rough handling 
in the laboratory. 

The cathode ray oscillograph is becoming of great importance as on 
instrument of research and wo are glad to recommend this clear introduction 
to its use. 

F. A. V. 

Thermodynamic Properties oi Steam. By Joseph H. Keenan and 

Frederick G. Keyes. [Pp. 89, with 10 figures.] (New York : 

John Wiley & Sons, Inc. ; London ; Chapman & Hall, Ltd., 1936. 

13«. 6d. net.) 

These new American stemm tables are constructed on an entirely new basis 
from the old Keenan tables. In the former case the valuers were arrived 
at by graphical interpolation of the best available steam data, but for their 
new tablfis Profs. Keenan and Keyes have constructed an equation of state, 
from which they can calculate the required properties of superheated or 
saturated steiam. This is the same method as used by the late Prof. 
Callendar for the British steam tables, and also by Prof. Mollier for German 
tables, but tlie new American equation is very different from those of Callen* 
dar and Mollier, and would, it is to be feared, cause first-year students some 
trouble. The use of an equation of state in the formulation of steam tables 
has the advantage that the derived quantities are thermodynamically 
consistent, and thus values such as the Entropy, at any particular pressure 
and tom|>erature, can bo calculated directly without troublesome integration 
of heat differences. 

The constants used for their equation are based on what they consider 
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the best available steam data, but to obtain a function to represent the 
speoihc heat of the vapour at zero pressure they liavo turned to quantum 
meclianioB, As regards the lay out of the tables themselves, the horizontal 
temperature co-ordinates do not seem quite? so easy to read as the vertical 
temperature scale in the British tables. Also the American arrangement 
allows for less tlian half as many temperature point/S at any given pressure, 
and the result of this smaller number of points is that several changes in the 
temperature interval occur, so adding to the difficulty of rapid interpolation 
of intermediate values. The only other criticism, of what is undoubtedly a 
very accurate? steam table, is of the title itself, which seems to suggest a weighty 
text-book rather than a plain steam table. 

G. S. C. 

An Introduction to Fluid Mechanics. By Alex. H. Jameson, M.Sc., 
M.Inst.C.K., F.K.C^ (Pp. x 4- 239, with 1 IH figures.] (London, New 
York, Toronto : Longmans, Green & Co., 1937. 7s. net.) 

Few branches of applied science have developed more rapidly within the 
last twenty years than that dealing with the mechanics of fluids. Only 
a few years ago, as the author remarks, tlw? subject was in a most unsatis- 
factory state, being subdivided into Hydrodynamics and Hydraulics. The 
former dealt mathematically with a jKjrfect fluid in which viscosity and 
friction were absent, and hence had little meaning for the engineer. On the 
other hand, the subject of Hydraulics, as studied by engineers, consisted to a 
large extent of empirical formulae and tables of coefficients. 

Much rosmreh is at present being dmxjted to linking these branches of the 
subject, and this is being assisted to a marked extent by the rai)id develop- 
ment of aerodynamics. Possibly the greatest assistance in correlating these 
various branches of the science has come from the use of dimensionless 
analysis. 

The book now under review is an introduction to the subject treated 
on the most general lines and the author has taken full advantage of the 
new methods. Examples of the use of dimensionless analysis include its 
application to the flow through an orifice, the resistance of a smooth pii^e 
and that of a submerged body. 

The section on the flow in rough pipes includes some of the most rt?oent 
work of Prandtl and von Karmdn. 

The author’s aim is to cover the syllabus for Part I of the B.8c. (Engineer- 
ing) examination of the University of London. To this end there is included 
an introduction to the theory of circulation and vorticity. In spite of the 
simple treatment given, it is questionable whether this subject is not beyond 
the grasp of the average second -year student. 

An excellent foat\ire of the text is the number of “ guided ” examples, 
which give it the hallmark of the real teacher. 

In view of the clear treatment of the subject it is to be hoped that the 
author may be tempted to write a second volume to cover the syllabus for 
Part II of the examination and that this may develop on the same broad 
lines. 


B. J. L. E. 
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Hydraulics. By Chablbs W. Harbis, C.E., M.Ain.Soo.C.E. [Pp. xiv -f 
220, with 132 figures.] (New York ; John Wiley & Sons, Ino. ; 
London : Chapman & Hall, Ltd., 1936. 13s. Od. net.) 

This hardly lives up to the claim in the preface to present the modem outlook 
on Hydraulics. On the whole it is rather an elementary text-book closely 
following the older treatments. One feels that it was probably written to 
accompany a lecture course for the author's own junior students, and no 
doubt it aervos that purpose ; otherwise it is difficult to understand why it 
should have been written. 

Tlie treatments are elementary in the sense that they evade olementals, 
and most are less complete than those in older books ; the phrasing and 
general presentation are often i3oor. Nor has the author sufficiently verified 
the numerical mattc'r ; for example (p. 60), a weir coefficient is given as 4-0, 
with a statement that this is experimentally supported by numerous workers, 
whereas in fact this value is as much as 26 j^er cent, in error over most of the 
range concerned. 

It is altogetlier too superficial even for beginners, for it will leave their 
difficulties unanswered, even assuming they have the patience to wade 
through such obscurities as (p. 104) “ Care should bo exercised in demanding 
the method of constant Reynolds number. This law of resistemce to 

mobility or such misleading futilities as (p. 130) “ Oil lias a reasonable 

viscosity and is carried in mains that are reasonably smooth when installed 
and tend to be preserved in that condition by a favourable content.” 

C. M. W. 


CHEMISTRY 

Inorganic Chemistry : A Survey of Modem Developments. By 

Sir Gilbert T. Morgan, D.Sc., Sc.D., LL.D., F.R.S., and F. H. 

Burstall, M.Sc. [Pp. x -f 462, with 16 figures.] (Cambridge ; 

W. Hoffer & Sons, Ltd., 1936. 16fl. net.) 

Many chemists, having enjoyed the foretaste given by the senior author in 
his lectures to the Institute of Chemistry four years ago, will turn to this 
amplified presentation of their subject matter with a lively expectation of 
refreshment. They will not bo disappointed. This book stcmds clearly 
apart from the general run of text-books because it is not a treatise : while 
it covers the whole field of inorganic chemistry, it deliberately omits what 
every chemist knows and, as the sub-title indicates, deals with just those 
matters which are relatively new and of special importance and interest. 
In a word, it presents modern non-organic chemistry with all the dull stuff 
left out. Moreover, the authors take a properly generous view of their 
field, so that the reader, surfeited with e^ijectival chemistry for adjectival 
chemists, has a deep sense of satisfaction in following their exposition of 
chemistry os a whole ; a mass of foots, it is true, but all linked and lighted 
by the fundamental generalisations and especially by the eleotronio con- 
ception of valency. 

Although the book is no bigger than the average novel (and a deal more 
readable than most) the choice and arrangement of matter is so skilful and 
the writing so tight and clear that space is found for unusual and very useful 
features. Of these, two deserve special mention : a system of references by 
name and year which effectively keys the narrative to the original literature, 
and a lavish use of graphic formulae which are peculiarly valuable in enabling 
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the authors to demonstrate throughout the book the far-reaching significance 
of the theory of co-ordinate linkage. There is, indeed, so much good material 
in the book that no brief review can possibly give an adequate idea of its 
content. Some sections, however, merit special praise ; for example, an 
excellent outline of the experimental basis of current atomic theory, a rather 
full account of deuterium and its compounds, and the admirable chapters 
dealing with natural and induced radioactivity, with inter-metallic com- 
pounds and with the organic derivatives of the metals and metalloids. 

Advanced students appreciate this book because it gives them in a readily 
assimilable form all the points in which their examiners are likely to bo 
interested, but its fame will i^jst, we believe, on the fact that the average 
practising chemist, who realises that chemistry is rushing past him but 
finds his efforts to keep up defeated by the bulk and complexity of chemical 
litoraturts has hero a sure and pleasant road to salvation. Reading it, as 
time serves, in the train or in his bath, he will gain a well-founded sense of 
knowing the things he ought to know and wants to know. 

The book is remarkably free from errors, and the printers, no less than 
the aiithors, are to be congratulated on the accuracy they have achieved 
in a lot of difficult type-setting. There are good author and subject indexes. 
As an attractive, precise and luminous account of what matters most in 
general chemistry, it must bo strongly commended to all kinds of chemists 
in all stages of growth or decay. 

H. V. A. Briscoe. 

Gktnolins Handbuch der anorg^anischen Chemie. 8. Aufiago. 
Herausgegeben von der Deutschen Chemischen Gesellschaft. System- 
Nummer 22 : Kalium, Liefenmg 1-3 ; System-Nummer 23 : 
Ammonium, Liefenmg 1 und 2 ; System-Nummer 36 : Gallium ; 
System -Niunmer 37 : Indium. (Berlin : Verlag Chernie, G.m.b.H., 
1930-37.) Kalium. [Pp. vi -f 804, with 35 figures.] RM. 96.26 ; 
Ammonium. [Pp. xviii + 618, with 66 figures.] RM. 72.36 ; Gal- 
lium. [Pp. xviii 4- 104, with 8 figures.] RM. 13.87 ; Indium. 
[Pp. xviii -f 120, with 8 figures.] RM. 16.76. 

In the first review ^ of the new edition of the monumental Qmelim Handlmch 
its general character was outlined and reference made to the outstanding 
merits of the work. One disadvantage mentioned was, however, its incom- 
pleteness. It is, therefore, with special pleasure that we welcome the rapid 
progress since made. No less than five additional sectional volumes have 
oome to hand, devoted to the elements potassium, gallium, indimn, and the 
group NH4. 

Three part-volumes dealing with the element potassium have so far 
appeared. The matter is subdivided exactly in the same way as are the 
elements previously treated in Omelin — ^whioh makes it all the easier for the 
reader to find the paragraph in which he is interested ; the comprehensive 
index, added on loose leaves to each section, gives further assistanoe. But 
although the headings of the chapters and sub-chapters throughout Gmelin 
follow the same strict rules, their respective matter-content of course varies 
widely in extent. To point out some cliapters which are especially prominent 
in the potassium volumes wo may perhaps draw attention to the very 
thorough survey of the geological occurrence of this element. Van’t Hoff’s 

^ SoiBNoa Proorbss, XXXII, 168 (1937). 
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and his pupils’ work on the laws governing the crystallisation of potassium 
minerals in the famous deposits in Germany and in a few other parts of the 
world are very clearly siirnmariHed and make interesting reading. Here, as 
well as in other volumes of Gmelin, mai)s and diagrams are frequently used. 

Another chapter in which the thoroughness of the contributors is very 
impressive is the one dealing with the nuclear reactions of potassium ; its 
natmral radioactivity os well as the artificial transmutations are fully dis- 
cussed. Here, however, one small criticism cannot be suppressed. In 
writing nuclear disintegrations it is advisable to follow the custom intro- 
duced by radiologists into physical and chemical literature — namely, writing 
the niiclear charge as a subscript, and the atomic weight as a superscript, 
on the left side of the atomic symbol. The tHjuation which describes the 
addition of a neutron to the potassium nucleus : 

K{41)i»+ + n(l)~>K(42)»+ 

is clumsy and unusual. The conventional form, now almost universally 
accepted, would read : 

41 1 4t 

K + K 

19 0 19. 

For the sake of consistency it is desirable that Gmelin should henceforth 
always indicate the atomic weight of an isotope by a left-hand superscript, 
and not by a bracketed figure following the symbol, as has hitherto been its 
habit. 

Other chapters of great interest to physical chemists, less fully dealt 
with in other inorgcmic handbooks, are those on “ discoloured ” potassium 
chloride and bromide ; the description of the preparation and of the optical 
and electronic properties shown by these abnormal compounds fills about 
17 pages. 

The group NH 4 is discussed much in the same way as the alkali metals ; 
its occurrence in nature, the fruitless attempts to prepare it in the form of 
a free radical, the cliemic^l and electro-chemical behaviour of the ammonium 
ion and the com|>ounds with other elements are carefully treated. The 
enormoiis practical imj)ortance of ammonia salts becomes evident in the 
chapters dealing with fertilisers ; here one of the grimmer aspects of chemistry 
is revealed by the short statement that at Ludwigshafen on September 1921 
an explosion of ammonium sulphate-saltpetre killed 586 people and wounded 
1952. 

Comparatively meagre are the volumes dealing with the elements gallium 
and indium, the first containing “ only ” 100 , the second 116 pages. Since 
even the extraordinary zeal of the Gmelin staff has not been able to fill aa 
much as a page with records of the practical applications of either element, 
and as their inorganic and physical chemical examination has been hampered 
by their extreme rarity, the most voluminous chapters are devoted to the 
analytical chemistry of these rare substances. Full details and diagrams are 
given of those alloys which have been thoroughly investigated. 

It is obviously impossible and at the same time, we are sure, unneoesaary 
to give more than a few examples of the enormously rich content and incom- 
parable reliability of these new Gmelin volumes. It can certainly be said 
that the unique standard attained by previous issues has been ftdly main- 
tained. If a slight criticism may be uttered it refers to the somewhat grey 
print of several jtages ; as the printing, for obvious reasons, is in rather 
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small type it is all the more necessary that care should be devoted to securing 
a thoroughly block impression ; but possibly the groyness of the reviewer’s 
copy is merely an exception. 

It may be of interest to mention that on the basis of last year’s pub- 
lishing effort the chemical world may look forward to the completion of 
the whole Gmelin work in the year 1943# To achieve this msult some 2200 
closely printed pages must be produced year by year. As a somewhat 
larger quota has been attained during 1936, there is every prospect that the 
66 members of the permanent staff, and their external collaborators, will 
succeexi in reofihing the desired goal. Already the help this German hand- 
book offers to chemists of every coimtry m incalculable. 

F. A. P. 


Structure and Molecular Forces in (a) Pure Liquids and (b) Solu- 
tions : a General Discussion held by the Faraday Society, 
September, 1936. fPp. 282, with numerous figures.] (London: 
Gurney & Jackson, for the Society, 1937. 12^. 6d. net.) 

Symposia on subjects of scientific research tend to suffer, as reading material, 
from one of two faults. If the subject is of very recent development, the 
discussion may produce so many unanswered questions as to leave the non- 
expert confused and the expert impatient. If it is one that has settled down 
into a phase of consolidation, we may have the dullness, without the complete- 
ness, of a work of reference. In the present casc^ we have an extremely good 
balance between these extremes. The volume, thougli containing 33 original 
papers and fully reported discussions of them, is very moderate in length and 
eminently readable. 

Two reasons for this satisfactory position are apparent. Firstly the 
discussion is confined by boundaries of method rather tlian of subject matter. 
A discussion on the whole of one of the states of matter would not have been 
possible had not the proj^c^rties it was sought to explain been for the most part 
the normal properties of simple materials. Secondly, while the methods of 
appro€x;h may bo the fulltime study of those who describe them, their applica- 
tion to liquids and liquid solutions is in most cases a recent extension from 
other fields. As a result, a community of purpose greater than usual is 
evident. 

Perhaps the most importemt rcjcent development dealt with is that per- 
mitting the word “ structure ” in the title. A geometry of liquids is being 
created. One feels that the modem problem is to explain, not why a liquid 
is not a gas, but why it is not a solid. Bemal’s theoretical attempt at a 
“ molecular theory of liquids ” and the papers of Frenkel and Simon provide 
a very interesting discussion of this problem. Under the guidance of Prins, 
Magat, Errera and others, techniques such as X-ray and electron diffraction, 
Eaman and infra-red spectra are throwing their light on the internal arrange- 
ment in liquids. 

London’s summarising paper on his theory of molecular forces is particu- 
larly welcome. Various aspects of dipole interaction and of hydrogen and 
hydroxyl bonds are also disoiissed, principally in the solutions section. In 
this section some very good summaries of recent experimental data are 
presented, on vapour pressures, volume changes, heat of mixing, solvation 
and arrangement of ions in solution, on diamagnetism and refraction. 

G. S. H. 
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Absorption and Extraction. By Thomas K. K. Shbbwood. MoQraw- 
Hill Chemical Engineering Series. [Pp. viii + 278, with 91 figures.] 
(New York and Lrondon : McGraw-Hill Publishing Co., Ltd., 1937. 
218, net.) 

Prop. Shbrwood’s book is a veritable mine of information to those having to 
deal with absorption problems. It is particularly valuable in that the 
physico-chemical principles underlying absorption processes in general are 
adequately dealt with. In the past it has often been evident that absorption 
plant has been developed by intelligent, but nevertheless, empirical methods, 
and that no striking developments in design and efficiency have been possible 
until the fundamental physico-chemical data underl 5 dng the prcxjess have been 
appreciated. Prof. Sherwood has sununarised such data very clearly and 
critically, at the same time giving an oxt-onsive bibliography. Technical men 
in other industries may perhaps regret that the absorption of nitrous gases is 
the only industry dealt with in practical detail, but the limitations of space will 
obviously prevent the inclusion of critical and descriptive detail concerning 
absorption processes in a number of different industries. Nevertheless, it 
would have been interesting, while treating the acid industry in detail, to have 
included a discussion on the absorption of acid “ mists ” which involves special 
physical considerations. The absorption of gases by liquids is distinctly the 
better part of the book, but Prof. Sherwood is to be congratulated on making 
a sweeping advance in clarifying the problems of absorption as a whole, and so 
making it easier for the chemical engineer to design such plant on a scientific 
basis. 

Harry W. Wkbb. 

ChemicalB in War : A Treatise on Chemical Warfare. By Auous* 
TIN M. Prentiss, Ph.D. With chapters on “ The Protection of Civil 
Populations ” and “ International Situation,” by George J. B. Fisher. 
[Pp. xviii -h 739, with 141 figures and 19 ch^ts.] (New York and 
London : McGraw-Hill Publishing Co., Ltd., 1937. i5a, net.) 

It is evident that any description of chemical warfare written at the present 
time must bo either entirely historical or mainly surmise. The nations do not 
pool their knowledge in these matters and even the English-speaking peoples 
do not let one another know the progress and advances which are, presumably, 
being made in this field. The book under review deals, therefore, with the 
condition of the subject immediately after the War and it is from this point of 
view that its value has to bo assessed. 

The new knowledge, if there is any such, is hidden in the War Office files of 
the various nations, and, although rumours ore heard of new discoveries each 
more startling and more frightful than the last, there is no means by which the 
truth of such rumours can be determined. The only method is for each nation 
to carry out research in order to find if new substanoes exist and if so what 
value they possess. For unless research into the existence of such materials 
is continuous and intense how is it possible to tell the nature of the evils 
against which we have to protect ourselves T And unless experiments on 
the quantitative evaluation of a substance are carried out under practical 
conditions, how can it be ascertained what order of protection is needed I 
The book under review is divided into five parts. Part I is devoted to an 
exposition of the fundamental principles underlying the science of chemical 
warfare. Port 11 presents the “ materia chemica ” of war. Part III is 
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devoted to the technique and taotioa of ohemiced warfare by the several arms, 
and traces the evolution and development of the use of ohemioals in battle 
from the early World War period to the present day. In Part IV protection 
against chemical warfare is considered, not only from the military viewpoint, 
but also as applied to the civil population, at least a part of which wiH un- 
doubtedly be subjected to chemical attack in future wars. Part V treats of 
certain general aspects of chemical warfare such as : its relation to the 
chemical industry ; its effectiveness in war, and its use in the post. The 
concluding chapter sums up the arguments for and against the use of chemicals 
in war. 

The subject matter is marred by several inaccuracies and many misprints. 
It looks as if the proofs had been read by someone without chemical know- 
ledgtj, for surely no chemist could pass the formula BaNOj without comment. 
On the whole the reading matter is good, although the author is careful to 
disclaim any official sanction for the views he puts forward. Nevertheless, the 
views and conunents of George J. B. Fisher on the protection of the civil 
population sot^m sound and are well expressed. This question is of a liighly 
complex nature, and is psychological as well os physiological ; for the attacker 
is likely to rely just as much on panic as on the actual infliction of injury. 
Absolute protection from injury is, of course, not possible ; protection can 
only be relative. The most that con be done is to give protection against what 
may be regarded as '' normal conditions,” meaning thereby the kind of danger 
that is to bo expected from a normal attack. It is not possible to provide 
protection against abnormal circumstances such as would bo produced by a 
direct liit or by a bomb entering the living-room by way of the chimney. It 
is fortunate that comparatively high concentrations of gas are difficult to 
produce in the open and that both time and concentration are matters of 
urgent moment. Moreover, open spaces oven in densely populated cities ore 
many times larger than those actually occupied by dwellings. 

The book will serve a useful purpose if it merely shows that the use of 
chemical substances in warfare constitutes a real menaco which must be met 
by adequate protection. Time alone will show the real measure of this 
menace, although there are some who hope that a potential enemy may be 
induced to make use of it against civil populations rather than to employ the 
alternative of high explosives. One thing is certain, namely that chemical 
warfare has come to stay as long os the curse of war persists. Moreover, the 
manufacture of chemical warfare materials is unlikely to be restricted by any 
form of international agreement owing to the close relationship the production 
of such material bears to the normal process of chemical industry. 

J. F. T. 

Cyanidation and Conoentration of Gold and Silver Ores. By 

John V. N. Doer, E.M., D.Sc. [Pp. x -f 485, with frontispiece and 
136 figures.] (New York and London ; McGraw-Hill Publishing Co., 
Ltd., 1936. 30s. net.) 

The cyanide process for the extraction of gold from its ores was patented 60 
years ago, and it is worthy of note that, although considerable improvements 
have been made in technique, the process remains substantially in the form in 
which it was first established. 

Expressed in its simplest form the process consists in dissolving out the 
gold from the ore in a weak cyanide solution, and precipitating the dissolved 
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gold from this solution by means of metallio zinc, after filtering off the undis- 
solved barren mineral matter with which tlic gold was originally associated. 
In view of the intrinsic simplicity of the process from the chemical standpoint, 
the problems involved in its application on a large scale are mainly those of 
engineering, and the perfection of <^ach of the tliroo basic operations of solu- 
tion, filtration and precipitation, with their adaptation to the treatment of 
ever-increasing tonnages of ore and solution have occupied the attention of 
metallurgists and engineers since the inception of the process, which is now 
carried out upon an enormous scale, a nif)dern plant treating as much os 10,000 
tons of ore per day. 

The work under review deals in an admirably clear and concise manner 
with the process as carried out to-day, each stage being considered both 
theoretically and practically. After a brief historical introduction, chapters 
are devote<l in succession to coarse crushing, fine grinding, classification, sand 
and slime treatment, and recovery of bullion. Concentration of ores contain- 
ing base-metal sulphides, both by gravity and flotation, the latter a compara- 
tively new adjunc't to the trcuitment of gold ores, is discussed in detail. A 
valuable section of the book describes the treatment of simple and complex 
ores by reference to existing plants in all the important gold-fields of the world, 
illustrated by numerous flow-sheets and a wealth of statistical data, drawn 
both from the author’s wide experience, and from the leading technical litera- 
txxrv. Plant control, costs, and power consumption are also dealt with in 
considerable detail. 

The work as a whole presents an admirable picture of present-day cyanide 
practice, and should prove a reference book of the greatest value on all phases 
of the 8ubj(XJt. 

B. W. D. 


Bearing Metals and Alloys. By H. N. Bassett. [Pp. xiv -f 428, with 
9 plates and 9 figures]. (London : Edward Arnold & Co., 1937. 25s. 

net.) 

The author of this volume is the Chief Chemist of the Egyptian State Railways 
and was formerly Senior Assistant Analyst of the Great Western Railway. 
Tliere is a foreword by Sir Henry Fowler, in which he points out tliat, of all 
the minor points of engineering, none is of more importance than the bearings. 

In the introductory and historical chapter the development of bearing 
metals is outlined and a bearing is defined as “ a means of supporting a shaft 
or other moving part, and a bearing metal is one with which the bearing is 
lined or of which in some cases it is made, the composition being chosen to 
cause the minimum amount of loss of power by friction in the bearing.” 

The lubrication of bearings is dealt with and the operating conditions, 
oiliness, seizing and effects of lubricants on bearing metals, etc., are disctissed. 
A useful chapter is devoted to bearing metals in general, in which different 
classes are discussed and preliminary observations on the structures ore made, 
leading to the theories of these metals, in connection with which the views 
of the school insisting that only a heterogeneous metal will serve for bearings 
and of the school maintaining that a homogeneous metal will work perfectly 
well arc put forward, and it is pointed out that the bulk of the bearing metals 
now in use are of the heterogeneous class. 

As is to be expected, the various alloys known as white antifriction metals 
are dealt with very fully, and not only are lead-base and tin-base metals 
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dosoribed, but tho effects of additions of other metals are given, and the effects 
of mould and pouring temperatures on the various mechanical proi>ortie8 are 
discussed, together with the properties at elevated lemperatures and the 
offeotH of remelting and segregation. 

Chapters are devoted to copper alloys used tis bearing metals, including 
zinc bronzes, load bronzes and phosphor bronzes. 

In the final chapter on miscellaneous bearings, cadmium-base, aluminium- 
base, magnesium -base and zinc -base alloys are dealt with, together with 
beryllium copiJor, graphitod bearing metals, cast iron, compressed powder 
bearings and fabric, rubber, wockI and stone bfwings. 

An appendix is devoted U) the micro -examination of bearing metals, in 
which details of preparation of the chief classes of alloys are given for micro- 
scopical examination and for photographic rwords for tho measurement of 
grain size. 

A sexsond appendix deals with tho uses of bearing metals and includes a 
table showing the composition of recommended alloys for different types of 
bearings. 

The book contains an enormous amount of information which will prove 
of great value to engineers ; the various points are made clearly and concisely 
and references are included tliroiighoiit the chapters which will make it easy 
to consult the original work implicated. 

C. O. B. 

Chemistry of Food and Nutrition. By Henry C. Sherman, Ph.D., 
Sc.D. Fifth Edition. [Pp. xii -I- 640, with 38 figures.] (New York 
and London : Mocmillcwi <fe Co., Ltd., 1937. 126^. 6d. net.) 

Prof. Sherman’s book on tho chemistry of food and nutrition is so well known 
and 00 well recognised as a standard work on tho subject that little more is 
necessary than to announo<% by way of review, that a new edition has ap- 
peared. When one realises that this fifth edition is completely rewritten, 
ordering a copy becomes automatic. 

The book certainly is rewritten and has come still more alive in the process. 
Prof. Sherman has moved out into the nwtrket-place although he still maintains 
in his opening sentence “ Chemistry is the central science.” The chemistry of 
the subject still holds in the book the central position, but Prof. Sherman’s 
standpoint has become, or perhaps we should say he has allowed it to appear, 
more human than in tho older editions. He quotes with approval the distinc- 
tion made by the American Medical Association between “ buoyant health ” 
as compared with ” merely passable health ” and is clearly of tho opinion that 
the function of the worker in nutrition is not so much to discover and describe 
the mineral needs of the human body in food but the optimal diet. Ho 
realises that it is still true for the majority of the world’s people that “ Half the 
struggle of life is a struggle for food.” 

None the less the truly chemical aspect of the subject is well up to date and 
the student of the subject, together with those who appreciate and put into 
practice the discoveries of the chemist, will find the book an invaluable mde- 
mecum. Particular attention is called to the collection of statistics concerning 
the amounts of vitamin A in some 75 common foods. Similar tables for flavin 
values are given. May we hope in the next edition for similar tables for 
vitamins B|, C and D ? 

Two additional chapters on Food Economics and on Food Chemistry and 
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Human Progrese form a coda to the book and show the direction in which 
Prof. Sherman’s mind is moving. 

His book can be warmly recommended to all interested in nutrition. 

V. H. M. 

The Biochemistry ol the Lipids. By Hknky B. Buix, Ph.D. [Pp. 
X + 169, with 63 figures.] (New York : John Wiley & Sons, Inc. ; 
London : Chapman & Hall, Ltd., 1937. 13s. 6d. net.) 

The term “ lipid ” is used by Dr. Bull in a very comprehensive sense, and the 
scope for this little monografih is indicated by the fact that it is based on 
Bloor’s classification of lipids into simple (fats and waxes), compound (phos- 
pholipids such as lecithin and cephalin ; corebrosides), and derived (fatty 
acids, sterols, higher alcohols) lipids. Hence the treatment of the individual 
topics is rather scanty and superficial, but the text is lilx^rally embellished with 
references, including numerous citations of review articles. The book is by no 
means free from serious inaccuracies and cannot be recommended os a reliable 
guide for elementary students, but advanced students and research workers 
will find in it an interesting and readable account of a very wide range of \m- 
expectedly diverse phenomena. There are intelligible accounts of the 
physical problems involved, os well as descriptions of the biochemistry and 
structural chemistry of the lipids, and brief mention is made of their import- 
ance in physiology and pathology. Erroneous statements appear throughout 
the book, and the reviewer was particularly conscious of those in the chapter 
on sterols ; for instance, it is stated that bacteria can bring about the con- 
version of coprostanol into coprostane, cholanio acid and the bile acids. 
Another remarkable statement appears in the section on carotenoids, to the 
effect that the colour of these seems to be dependent uf>on the two ring 
structures. The chapter on fats and oils includes an account of the important 
work of Hilditch on the analysis and distribution of natural glycerides, and 
also deals with synthetic glycerides, fat metabolism, hydrogenation, rancidity, 
drying oils and auto -oxidation, 

J. W. C. 

Annual Review of Biochemistry. Vol. VI. Edited by Jambs Mttb- 
RAY Luck. [Pp. ix -f 708.] (Stanford University P.O., California : 
Annual Review of Biochemistry, Ltd. ; London ; H. K. Lewis A Co., 
Ltd., 1937. $6.00.) 

An adequate review of this volume of 708 pages containing 28 articles would 
occupy many pages of Science Progress. In the brief space available it 
is not possible to do more than notice one or two of the novel features of 
this, the sixth volume of the series. The vast majority of biochemists are 
already familiar with the earlier numbers, and fully appreciate their great 
value in providing an authoritative and at the same time readable survey 
of recent progress in the Science. Up till now, however, the books have 
suffered from one great disadvantage — the lack of a subject index. In the 
present volume this defect is rem^ied and all readers will rejoice. The 
Editors are to be congratulated on having overcome the practical di66oulties 
which stood in the way of this improvement. Those who possess the earlier 
volumes, which lack a subject index, will look forward to the Cumulative 
Index, which the Editors hint in their preface will be published in due course. 
These volumes aim at covering not only the standard and orthodox subjects 
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of bioohemioal retsearoh but also the less familiar, perhaps somewhat speci- 
alised, but sometimes very interesting and important topics related to the 
main themes. The present volume, for instance, includes an article by 
T. A. Bonnet-Clark on the organic acids of plants ; by R. Emerson on 
Photosynthesis ; by C. M. McCay on the biochemistry of fish ; by A. J. 
Quick on detoxication mechanisms ; and by P. L. Kirk on the application 
of miorcxihemistry to biociiemical analysis. Apart from these special topics 
the ordinary staple material of biochemical investigation, proteins, carbo- 
hydrates and fats, enzymes, vitamins, sulphur metabolism, the biochemistry 
of plants and the like receive able and comprehensive treatment. This 
volume, like its predecessors, is invaluable to all directly or indirectly 
interested in biochemistry. 

W. O. K. 

The Chemistry of Natural Products Related to Phenanthrene. 

By L. F. Fieser. American Chemical Society Monographs No. 70. 
[Pp. xii 4- 358.] (Now York : Roinhold Publishing Corporation ; 
London : Chapman & Hall, Ltd., 1936. 32s. 6d. net.) 

FoR*many years morphine and the related alkaloids codeine and thebaine wore 
the only important naturally occurring comjx)unds known to contain the 
phenanthrene ring system but the last decade has seen the addition to this 
class of an amazing number of natural products of great variety and import- 
ance. From rosin there has been obtained a transformation product abietic 
acid which on dehydrogenation gives retene or 1 -methyl -T-isopropylphen- 
anthnme. The sterols and bile acids have been found to contain a reduced 
phenanthrene ring system with a oyclopentano ring fused on to it and these 
compounds are closely related to vitamin D, the sex hormones, the heart 
poisons from plants 8\ich os digi toxin and the poisons from toad venom such as 
bufotoxin. Again the saponina in certain plants are derivatives of phenan- 
threne and the cancer producing hydrocarbons found in tar oils are closely 
allied compounds. 

The output of research in these fields is enormous and most of it is of quite 
recent date, some idea of its volume can be gained from the author index of 
this work which includes 767 individual names. 

Prof. Fieser has surveyed the work published up to February 1, 1936, in a 
very thorough manner and his book is particularly valuable in that it collects 
together in one volume the chemistry of a number of compounds structurally 
related but differing sufficiently in biological function to be divorced from one 
another in many monographs. It will appeal especially to the organic 
chemist for, although short accounts are given of the biochemical asi>ectB of 
the compounds, it is not overloaded with detail in this respect and deals 
essentially with the elucidation of the structure of the compounds and with 
their synthesis. The book can be warmly recommended to those esijecially 
interested in the chemical aspect of the subject. 

0. L. B. 

Organic Syntheaea, Vol. XVII. Editor-in-Chief L. F. Fibber. [Pp. 
vi + 112.] (New York : John Wiley & Sons, Inc. ; London ; Chap- 
man dc Hall, Ltd., 1937. 6d, net.) 

This valuable series continues serenely on its determined course of describing 
tested laboratory methods for preparing in good quantity organic compounds 
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i:tx|uired for research and other purposes. Thirty substances are dealt with, 
among which one may mention y-aminobutyric acid, c-aminooaproio acid, 
p-broraobenzaldehyde, 1 ; 8 -butadiene, dihydrooholesterol, ethyl methyl- 
malonate, a-phenylethylamine and triphenylothylene. There is the custom* 
ary appendix containing later references to preparations in the preceding 
volumes. 

O. L. B. 

Synthetic Rubber. By W. J. S. Naunton, M.A., M.8c., Ph.D. With an 
Introduction by Prof. Sir William J. Pope. [Pp. xvi -f- 162, with 
13 plates and 20 figures.] (London : Macmillan & Co., Ltd., 1937. 
7s. 6fi. not.) 

This is the first book to be published which deals with both the economic and 
teolmical as well as the chemical aspects of the subject. Dr. Naimton is the 
Head of the Rubber Laboratories of Imperial Chemical Industries Ltd., and 
can speak with authority upon the change in the industrial and economic 
aspect BO far os the production of synthetic rubber is concerned. 

The book deals with the history, economics and the future outlook of 
synthetic rubber and traces the history of synthetic rubber from the early 
academic period to the present time when it is realised that only by improving 
upon the natural product can the synthetic product meet with commercial 
success. 

The chemistry of 85 mthetic rubber is discussed, but mainly in connection 
with neoprene. The results of tests, as for instance, the oil resistance, are 
given in the form of graphs. 

The first portion of the book is based upon lectures which the author lias 
given and if any criticism can bo levelled at the publication, it is that the 
author would probably have avoided certain repetitions if he had discarded his 
lecture notes and written the book so that the subject is more fiowingly 
developed. Some of the diagrams are also unsuitable for book publication, 
but admirably adapted to lecture purposes. The book is stated to bo of 
interest to the lay ro€wler, but the inclusion of chemical sections and references 
throughout the book make it highly improbable that the lay reader will follow 
as easily as if all the chemical aspects had been brought together more or less 
in one chapter, which he would have skipped. 

Finally it is regrettable that the excellent photographic illustrations in the 
book appear to have little corresponding text matter. The description of the 
method of manufacture of some of the synthetic rubbers is surprisingly brief. 

T, J. D. 


The Accelerated Vulcanisation of Rubber. By ToBBjeiui Grenkess, 
Diplom. Engin. (Chom.). Translated by Monica Storm Qbsnness 
and Alexander C. Jarvis, M.Ing.F., M.I.Mech.E. [Pp. 120, with 
66 figures, including 1 plate.] (Copenhagen : Levin A Munksgacurd ; 
London : Williams & Norgate, Ltd., 1937. 10s. fid. net.) 

This is a treatise submitted by the author to the Royal Technical College in 
Goponhagen for the Degree of Doctor Technioes, and records the author's 
investigations and critical survey into various aspects of rubber vulcanisation 
accelerated by means of dithiocarbamates and thiuram sulphides* 

The thesis is divided into three main sections (o) a summary of twelve 
pages giving the various theories on the reactions of accelerators especially 
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dithiocarbaniates ami thiuram uulphideH ; (6) a record of phynioal and 

chemical invewtigationa under five headings and occupying 96 pages ; and 
(c) a brief report of four pages on the practical application of the use of glue in 
rubber comi)oimd8. 

The second section records the author’s investigation and is given tuider 
five headings. (1) Technique , — ^This chapter is devoted largely to a discus- 
sion and development of a now method for determining resist/anco to tear. 
The results are extremely interesting os it is shown that a characteristic 
constant may be obtained which represents the resistance to tearing and 
which is dependent only on the rubber mix employed and is independent of 
the dimensions of the test piece. It is possible that some rubl)er technologists 
will not be prepared to accept the author’s deductions. (2) Related Accelcra^ 
tors . — In this chapter is recorded the exjK>rimontal results obtained by using 
e<|uivalent amounts of related accelerators such as the amine dithiocarba- 
matoH, metallic dithiocarbamatos, and thiuram sulphides and the author’s 
deductions therefrom. (3) Influence of Metallic Oxides , — Then follows a 
short chapter recording the influence of cadmium, lead and zinc oxides on the 
accelerators and the suggestion that improvements on the present method are 
possible. (4) Influence of Protein (Olue) and Water , — The author describes 
experiments on the effect of glue on the tensile strength, elongation, permanent 
set, swelling and hardness of a rubber mix. The influence of water is also 
studied and in (6) Sumfnaryf the author briefly reviews the preceding chapters. 

The book records original invt^stigations and covers a wide range and will 
\mdoubtedly be of groat interest to research workers on problems connected 
with rubber vulcanisation and physical testing. rp j 

Caxming Practice and Control. By Osman Jones, F.I.C., and T. W. 

Jones, B.Sc. [Pp. xii -f 264, with 74 figures, including 66 plates.] 

(London : Chapman Hall, Ltd., 1937. 26s, net.) 

The history of canning begins with the invention by a Frenchman, Nicholas 
Appert, of a method of preserving foodstuffs by sealing them hermetically in 
containers in a sterile condition ; this invention was stimulated by the offer of 
a prize by Napoleon the First for the discovery of a moans of preserving food 
80 that it could be kept without decomposing and could be readily transported. 
Thus it was a war time invention. The need for preserved foods was, of 
course, very marked during the Great War and since that time the canning 
industry in this coimtry has made groat strides, encouraged and assisted in 
many ways by the Department for Scientific and Industrial Research. In the 
preface the authors describe canning os “ filling the metal container with food 
and sauce, 83 rrup, soup, brine or gelatine, exhausting it of air, sealing on a lid, 
sterilising and cooling.” Every aspect of the subject is touched on such os 
the can, the solder, rubber seals, water supply, laboratory organisation, 
chemical and bacteriological examination, cannery waste, etc, A very con- 
siderable portion of the book is devoted to the microbiology of canning in all 
its branches with full details of how to carry out the experiments. The 
instructions given are lucid and explicit and reliable and should be of great 
assistance to workers in this field. The book contains under one cover much 
that is not otherwise easily accessible. A number of misprints of author’s 
names have been noted but these are minor blemishes which can be corrected 
in a future edition and do not in any way detract from the value of the book. 

P. H. 
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Quantitative Organic IVIicroanalyaie of Fritz Pregl. By Db. 

Hubbbt Roth. Third English edition translated from the fourth 

revised and enlarged German edition by E. Bbryl Daw, B.Sc., 

A.I.C. [Pp. xvi + 271, with 72 figures, including 1 plate.] (London : 

J. & A. Churchill, Ltd., 1937. 18s. net.) 

The output of microchemical literature has increased considerably since the 
late Fritz Pregl was made Nobel Laureate for his pioneer work in the field of 
quantitative organic microanalysis. Even in that special field much now and 
important technique has boon elaborated by Pregl’s pupils and others, as is 
evident from the contents of the Fourth Gorman edition of his book in which 
we find the latest improvements on the original Pregl methods together with 
additional determinations such as those of amino-acids, — NH^ (van Slyke), 
active H, acyl, isopropylidone, Mo attached to C, double bonds by catalytic 
microhydrogenation, molecular refraction, absorption spectra (Pohl). If the 
new German text is as accurate and painstaking as the previous ones from the 
pen of Pregl himself, one must deplore the inferiority of the present English 
version of it. Not only is the translation often ambiguous or obscure, but 
there are many mistakes. Some of those show careless proof-reading, others 
suggest lack of knowledge of the subject on the part of the translator. Those 
are unpardonable faults in a book which is indispensable to the daily practice 
of the analyst who, if he is experienced, has learned to expect and to obtain the 
highest standard of reliability in microchemical publications. It is not 
possible here to catalogue every detail to which the reviewer takes exception 
(there are about a hundred of them), but it is necessary to point out some of 
the worst examples. Among the clumsy renditions are — p. vi, line 5, “ the 
determination of general groups of natural products ” ; lino 30, “ the enlarge- 
ment of range through the additional method ** ; p. 16, line 11, “ To control 
the necessary conditions with certainty was made possible in excellent 
ways ” ; p. 28, line 13, pieces of pumice stone at boiling point ; p. 71, 
line 32, “ the stojxjock of the intermediate pieces ; p. 81, line 33, “ a copper 
roll of wire gauze ” ; p. 167, line 6, “ the extremely unplec^nt properties of 
the Grignard reagent ” ; p. 224, line 10, “ only thicker objectives demand a 
greater approach.” On p. 7 the last paragraph on Schwarz-Bergkampf’s 
tests of the microbalance is incomprehensible, as are also p. 106, lines 31-2, 
” After charging the pressure tube with silver nitrate and nitric acid, the 
pressure tube is pushed down the wall to the bottom of it ’* ; p. 204, the 
“ additivity ” calculation, and j). 264, lino 24, “ solvents from the formula,” 
Of mistakes may be mentioned (corrections in brackets) : p. 77, line 30, p. 80, 
line 36, and p. 97, line 13, ” c.c.” (cm.) ; p, 97, lino 12, and p. 226, line 3, 
“ nun.” (cm.) ; p. 196, line 4, ” 60 mm.” (6 mm.) ; p. 99, line 12, ” carl^nate ” 
(bicarbonate) ; line 33, ” bicarbonate ” (carbonate) ; p. 163, line 27, and p. 
164, lino 23, ‘‘ decolorisation ” (coloration) ; p, 171, line 24, ” 397 c.c.” 
(0*397 c.c.) ; p. 179, line 17, ” hydrochloric ” (hydrobromic) ; p. 182, line 1, 
” iodide ” (hydroxide) ; p. 186, line 7, ” sulphate ” (sulphide) ; p. 204, line 16, 
” acid ” (acetone) ; p. 210, line 13, ” cl^omate ” (bichromate) ; p. 213, 
line 21, ” thermometer ” (manometer) ; line 27, ” water ” (hydrogen) ; 
p. 226, line 40, ” melting-point ” (boiling-point) ; p. 247, line 36, ” compres- 
sion ” (comparison) ; p. 248, line 14, ” From ” (Of) ; p. 262, line 16,” ±10® C.” 
( ± 0*01®). There are also some obvious printer’s errors such as p. 27, lino 36, 
” Fig. 2 ” (Fig. 11) ; p. 206, equation (V) (H required on the B — C atom). 
The following misquoted references should read thus : p. 24, ^B. Flasohen- 
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trftger, Mikrochem,, 9, 15 (1931) ; p. 41, •A, Friedrich, Z. angew, Chem., 36, 481 
(1023); p. 71, •A. Friedrich, Mikrochem., 10, 355 (1931); p. 115, ‘W. 
Munster, Mikrochem.^ 14 , 23 (1934) ; p. 156, line 17, L. J. Harris ^ ; p. 192, 
^Friedrich, Rapoport, Biochem. Z., 261 , 432 (1932) ; p. 201, J. Messinger* 
Ber., 23 , 2766 (1890) ; p. 209, ^ C. Mayr and E. Kerschbaum ; p. 223; *0. 
Weygand and W. Griintzig, Mikrochem.^ 10 , 1 (1931) ; p. 249, line 14, R. 
Signer ; line 16, I. K. Spies. 

It is to bo hoped that the publishers will exercise greater vigilance over the 
production of future translations of this unique handbook which is such a 
valuable aid to the modern research worker. 

W. D. 


Laboratory Methods of Organic Chemistx^y. By L. Gattebmann. 
Revised by H. Wieland. Translated from the twenty-fourth 
German edition by W. MoCabtney, Ph.D., A.I.C. [Pp. xvi + 435, 
with 59 figures.] (London : Macmillan & Co,, Ltd., 1937. 18s. net.) 

With many chemists, Gattermann’s Praxis will always be the favourite, and 
the new edition should increase their number, although the price is perhaps a 
little beyond that popular with most English students. The first thing that 
strikes one is the excellent printing, both of text and of diagrams. The latter 
are particularly clear, and emphasise the details which are so important. For 
example, an ideal “ Perkin Triangle ” is depicted which is so different from the 
ones most of us are forced to purcliose. 

The first 42 pages are devoted to general technique, and arc very sound 
indeed. Then comes an account of semi-micro qxiantitativo analysis. This 
is extremely well done, but it is doubtful if the Head of an ordinary University 
Chemical Department in this coimtry would be able to supply his students 
with the necessary apparatus. It is perhaps typical that the Parr bomb 
method for halogens and sulphur receives no mention. 

Most of the book is devoted to preparations, of wluoh there is an excellent 
selection. Each experiment is most carefully described and then given brief 
theoretical consideration. Some of the theories given would certainly not 
find enthusiastic reception in some schools of organic chemistry, e.gr., that the 
first reaction of both ethylene and benzene is addition of a molecule of the 
halogen to a double bond. It is perhaps satisfying to find that the author is 
aware that there is something to be said for the older, still not disproved, 
views of aromatic substitution, but the contrary to find, for example, that ho 
regards R N:Cand R N:N.R*' as the correct formulas, respectively, for a car- 
6 

bylamine and an azoxy-compound. Again, the melting-point of benzidine 
quoted is 6° too low. 

These things apart, however, anyone who had acquired the knowledge and 
the skill corresponding to a practical digestion of the present volume would 
be a more than useful assistant in any ohemicad research work. Mention 
might also be made of the fact that the book gives a simple example of 
chromatographic analysis and a number of useful preparations of biochemical 
interest. 

E. E. Tttbkeb. 


QQ 



694 SCIENCB PEOGEESS 

N«w Practical Chcxnlatry. By N. H. Black and J. B, Conant. (Pp. 
xii -f 621, with 1 coloured plate and 329 figures.] (New York and 
London ; Macmillan & Co., Ltd., 1936. 78, 6d.) 

New Laboratory Eacperimenta in Practical Chemistry. By N. H. 

Biaok. [Pp. X 4” 193, with 1 plate and 100 figures.] (New York and 
London : Macmillan & Co., Ltd., 1936. 68,) 

Thosb who tread the o<iucational mill are well aware what a long way a little 
kaleidoscope goes in turning a duty into a pleasure, so that “ doing science ” 
becomes instead a vivid intortist in, and an intelligent enquiry concerning, the 
nature of things around. The authors of New Practical Chmiiatryf which is the 
descriptive and theoretical text-book of this pair (although it contains many 
suggestions for expenments), inform us that they seek to arouse the pupil’s 
interest by appealing to his love of the dramatic and by stimulating his 
curiosity concerning his environment. This is a very laudable aimi and so far 
as the task can bo performo<l by a text book there can be no serious complaint 
of the way in wliich it has been done. The autViors would, of course, be axnong 
the first to agree that the success or failure of attempts to arouse interest, 
where interest is not, lies with the teacher, and that when a teacher is unin- 
spiring oven a dramatic text-book falls flat. 

It is, of course, difficult to simulate drama all the time, oven were it 
desirable to do so ; in the result therefore a large part of tlie book has little to 
distinguish it from other well -written and profusely illustrated books for 
junior students of chemistry. The ordinary reader might complain of the 
triviality of many of the diagrams, although this is perhaps counterbalanced 
by the many pictures of chemical plant and processes ; he might also wonder 
whether missing-word exercises are likely to appeal to students advanced 
enough to study the theory of electrolytic dissociation. Nevertheless, it is 
too easy to pick holes in an elementary text -book and to overlook the feujt that 
freshness of presentation, even in illustration and minor detail, is well worth 
having, especially when the language employed is simple and direct. The 
subject matter includes chapters on atomic structure, on fuel, food, and cloth- 
ing, on dyes and paints, and on radioactivity. 

New Laboratory Experiments in Practical Chemistry, the companion volume 
for the bench, is (perhaps fortunately) conceived with less marked sense of the 
dramatic. Lest the title should mislead, it must be explained that this is not 
a collection of newly devised experiments, but a new manual of directions for 
carrying out and appreciating the significance of some ninety experiments 
already widely used by teachers of elementary chemistry. There are numer- 
ous diagrams, and the detail of description is adequate. 

A. A. E. 

Text book oi Quantitative Inorganic Analyaia. By I. M. Kolt- 
HOFF, Ph.D., and E. B. Sandkll, Ph.D. [Pp. xvi + 749, with 116 
figures.] (New York and London ; Macmillan & Co., Ltd., 1936. 
20s. net.) 

Vkry great strides have been made in recent years in the domain of analytical 
chemistry, not only in connection with the development of new methods, but 
also as the result of the intensive study of the errors to which the older pro- 
cedures are liable. A noteworthy feature of much of this recent work ba# been 
the application of physico-chemical principles as distinct fzom purely empirical 
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investigations. Chemistearo indebted to Kolthoff and his co-workers for so 
many contributions to this subject that one turns with oxx>ectant interest to 
the text-book under review, which aims at providing “ a balanced outline of the 
theoretical and practical aspects of inorganic quantitative analysis.” Tech- 
nical minutifls are de8cribt3d with such thoroughness that selected portions of 
the book could be used if desired in connection with an introductory Univer- 
sity course. The scoi>e of the entire work is, however, that of on advanced 
text -book, and as such it is of exceptional merit. 

The authors urge that advanced cmalytical chemistry is bc!>st studied after 
completing a course in physical chemistry. It is intended that the first 160 
pages, which are devoted to the theory of gravimetric and electro-analysis, 
should be read at an earlier stage, and consequently no exception can be taken 
to the fact that the mass action law as applied to electrolytes is treated only 
in on elementary way. Those aspects of chemical theory, however, which are 
of especial importance for analysis, and which are not usually dealt with 
adequately in other courses, are considered very fully in the work under dis- 
cussion. The chapters on the formation and properties of precipitates and on 
co-precipitation phenomena are especially valuable. 

An outstanding feature of the book is the excellent way in which the nature 
of the errors involved in quantitative analysis is discussed, both in a special 
chapter and in the detailed discussion of all the commoner gravimetric and 
volumetric processes. Briefer indications are given of the utility of eloctro- 
analysis, electrometric titrations, 8i)ectrophotometry, nophelometry, and 
other special methods. The final section gives in fair detail procedures for the 
analysis of brass, stool, and silicate rocks. 

This book can bo highly recommended. Where other works aro in use as 
students* text-books it would be advantageous if at least one copy could be 
made acoessiblo in the laboratory, 

T. B. Smith. 

Gravimetric Analysis. A Laboratory Manual, with special reference to 
the Analysis of Natural Minerals and Rocks. By W. van Tonoeren. 
[Pp. xii 4- 278, with 16 figures.] (Amsterdam : D. B. Centon’s 
Uitgevors-Maatschappij ; London : H. K. Lewis & Co., Ltd., 1937. 
14«. net.) 

The main problem of rook analysis is the separation of elements very similar 
in chemical behaviour — a problem which can be difficult enough when only 
the common elements are involved. Nature is, however, no respecter of 
limited college syllabuses, and the frequent occurrence of small quantities 
of the rarer elements considerably complicates the analysis of many natural 
products. The book under review is concerned especially with these prob- 
lems of separation, and consequently it deals in the main with gravimetric 
procedures. A few examples of the application of electrolytic, volumetric 
and colorimetric methods are also given where especially advantageous, but 
the more elementary, as well as the more specialist aspects of these subjects 
are deliberately excluded from its sooi>e. Artificial materials which can be 
analysed by methods similar to those given for rooks, such as cements, slags, 
glasts) ashes, and alloys, are briefiy considered. The estimation of the 
metallurgically important vanadium is not included, but those rarer elements 
which are widely distributed, and especially those which interfere with the 
estimation of the common elements, are well discussed. 
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Thifl limitation of scope is an advantage in that the selected topics are 
dealt with authoritatively. It should be noted that diphenylamine eulphonio 
acid is much to be preferred as an oxidation -reduction indicator to the older 
diphenylamine recommended in the book. In the main, however, this work 
is thoroughly up to date. It will appeal both to the advanced student for 
whom rock analysis would provide excellent practice, and to those who are 
specially interested in this branch of analysis, who will appreciate for example 
the proposed modification of the Lawrence Smith process. In this a concen- 
trated solution of calcium chloride is added directly to the mixture. The 
use of liquid permits fine grinding of the sample after weighing, and also 
facilitates the production of a homogeneous mixture. 

The book, which is printed in Holland, is typographically pleasing, but 
it contains many mistakes in English. Some could easily have been cor- 
rected by any English-speaking person (such as “ cligerated,*’ “ spongeous,*’ 
“ halfs,” and “ f.e.*’ instead of “ o.g.*’) : others require that the critic be 
also acquainted with the subject, and able to supply the correct technical 
terms for “ containing the metal in complex binding,” “ additional E.M.F.” 
(for over-voltage), ” rhodanide,” “ cupro-sulphocyanate,” “ catalyaator,” 
** ammoniac,” etc. None of the mistakes is sufficiently bad to render the 
meaning uncertain when the context is taken into accoimt, but the use, for 
example, of such a phrase as ” absolutely small amount ” for ” small absolute 
amoimt ” demands at least that the sentence be read twice. It would be 
worth taking steps to remove such errors from any future edition, for this 
manual undoubtedly provides a useful addition to the literature of the 
subject. 

T. B. Sboth. 


GEOLOGY 

1. Mineralogy : An Introduction to the Study of Minerals and 

Crystfds. By Edwakd Henhy Kraus, Ph.D., So.D., Walter Fred 
Hunt, Ph.D., and Lewis Stephen Rahsdell, Ph.D. Third edition. 
[Pp. X -f- 638, with 812 figures.] (New York and London ; McGraw- 
Hill Publishing CJo., Ltd., 1936. 30e. net.) 

2. Introduction to the Study of Minerals. By Austin Flint Rooebs, 

Ph.D. With a Section on Miorochemical Analysis, by Lloyd W. 
Staples, Ph.D. Third edition. [Pp. xviii + 626, with frontispiece 
and 729 figures.] (New York and London : McGraw-Hill Publishing 
Co., Ltd., 1937. 30s. net.) 

Two very useful and attractive text-books on the same subject, traversing 
essentially the same groimd in the same general way. Clearly written, well 
printed, and profusely illustrated, these ” third editions ” declare the proved 
worth of both. 

1. The merits of the first (1920) and second (1928) editions are enhanced 
by a general resetting of text-matter (exclusive of stcuodardised determinative 
tables) and by the incorporation of recent advances in various branches of 
mineralogy. 

This attractive volume is likely to quicken, and sustain, a beginner's 
inter^ in the science. From the outset, the student is “ in touch " with 
realities ; photographs of actual minerals, laboratory apparatus, field 
appliances, etc., liberally replace conventional drawings ; twenty-seven 
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** names eminent in the history of the science are vitalised by portraits, 
supplemented by brief biographical notes ; contact with held, mining, and 
industrial practice is established by views of important mineral localities^ 
mines, and field operations, and appropriate use is made of geographical and 
statistical data relating to mineral production. 

The sequence of chapters is the same as that in earlier editions. An intro- 
ductory review of “ minerals ** in relation to successive (“ stone ” to “ metal ”) 
cultural ages of civilisation is followed by a simple and direct treatment of 
fimdamental principles : crystallography, the physical and optical properties 
of minerals, and the application of X-ray work to the study of crystal -architec- 
ture (Chaps. II-XII) ; the manipulation of chemical data (Chap. XIII) ; the 
origins, and modes of occurrence, of minerals (Chap. XIV), and the methods of 
identifying them (Chap. XV). Determinative tables occupy 168 pages — 
tinted to distinguish thorn from the rest of the book. Descriptive mineralogy, 
and the systematic grouping of minerals, occupies Chap. XVI, and a brief 
chapter (XVIII) is devoted to gems and precious stones. 

2. The new volume is an expansion (with considerable amendments) of 
earlier (1012 and 1921) editions. Perhaps its most noteworthy feature is 
clarity, achieved partly by typographical aids, in the presentation of the more 
abstruse topics comprising Part I — ^notably the geometry and inter-relation - 
ships of crystal forms, the optical properties of crystals, the space -lattice and 
the styles of crystal-architecture — leading to a conci8(3 explanation of X-ray 
diifraction-imtterns. Discussion of chemical data includes a new and useful 
section on microchemical analysis. 

Part II describes 222 of the more important rock -forming and economic 
minerals — including “ minoraloids,*’ a term applied to substances “ not 
definite enough in chemical composition to bo called minerals ; it embraces 
opal, limonite, pyrolusito, as well os coal and asphalt, but excludes glauconite, 
and loaves the status of bauxite in doubt. 

Part III outlines the occurrence, association, and origins of minerals in a 
comprehensive way, and touches upon ore -deposits. 

Part rV deals with the use of determinative tables. 

Text-matter is supplementeMl by a bibliography of selected treatises, and a 
reforenoe-list of minerals and inineraloids, with formul®. 

A. Bbammall. 


BOTANY 

Methods in Plant Physiology. By Waltbr E. Loomis, Ph.D., and 
Charles A. Shull, Ph.D. With a Chapter on Statistical Methods by 
George W. Snedeoor, M.S. [Pp. xviii -f 472, with 94 figures.] 
(New York and London : McGraw-Hill Publishing Co., Ltd., 1937. 
26s. not.) 

This book consists of two parts. The first part deals with laboratory exercises 
and contains instructions for carrying out 182 experiments covering practically 
the whole field of plant physiology. The second part deals with what are 
called general methods.” These range fiom the care of the desk to the 
estimation of carbohydrates, nitrogen and fats, and the use of the potentio- 
meter, while chapters are also included dealing with the measurement and 
control of the plant environment and with statistical methods. The labora- 
tory experiments are well selected and the description of experiments and 
methods clearly written. A modem practical handbook to plant physiology 
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and physiological methods has been badly needed for some time. For this 
reason this book should be foimd useful in all botanical laboratories where 
plant physiology is taken seriously. 


The Plant Diseases of Great Britain : A Bibliography, Compiled 
and annotated by 0. C. Ainswobth, B.Sc., Ph.D. [Pp. xii 4- 278.] 
(London: Chapman & Hall, Ltd., 1937. 15s. not.) 

This book, the first of its kind to be produced in Great Britain, is a list of the 
njore accessible and important papers relating to diseases of plants in this 
country. 

Considering always the necessity to produce a volume of handy size, 
success has been attained, and Dr. Ainsworth well deserves the gratitude 
of co-workers in plant pathology — the reward mentioned by Dr, E. J. Butler, 
F.R.8., in his Foreword. But for those very valuable publications of the 
Ministry of Agriculture and Fisheries which have appeared since 1918, and 
The^ Review of Applied Mycology, first published in 1922, plant pathologists 
in this country wore without any guide to the number of diseases of any one 
host i)lant, and to t he original literature, and were in the position of liaving 
patiently to await the appearance of new text-books (hoping they would 
contain rcforcnccH to literature) or to make and maintain an index of their 
own. 

Dr, Ainsworth has now provided a bibliography and in addition short 
notes on some of the references. An Author Index and Host and Parasite 
Index are included. The Preface makes it clear that not all the published 
work on every disease could possibly be listed and therefore original papers 
and other key references are principally dealt with. For this the very good 
reasons are given that the size of the book has to be considered as well as the 
ease of keeping it uji to date ; it is well that the author has thought of revisions 
for these will almost certainly be necessary. By quoting only key references, 
some alterations and additions may be avoided, but with the constant 
occurrence of new diseases and new hosts for old diseases, changes are in- 
evitable. Some provision might have been made by means of spaces or 
blank pages for the reader to e^d furtlier references if the book is to do away 
with the necessity for keeping a card index. 

A small criticism is that the title might perhaps have indicated that 
diseases of cultivated plants are mainly considered. Spelling mistakes of 
generic and specific names are frequent in the text and these ore commonly 
repeated in the Index, but it is surprising to find generic names (e.g. Rocky* 
basium, Ornithogalurn, Phyllachora) spelled correctly in the text and in- 
correctly in the Index. Even an English name such as “ Hawthorn ” is 
misspelled both in text and Index and one is forced to the conclusion that 
more care should have been taken in reading the proofs. 

Adequately to review a Bibliography such as this, dealing with a multitude 
of diseases caused by fimgi, bacteria and viruses, would require the services 
of a committee of specialists and, moreover, those specialists should be very 
familiar with the host plants listed, for they range from mushrooms to trees. 
In the opinion of the present reviewer, it seems complete, concise and accurate 
in quotation of references. It is a well printed, well arranged most useful 
book. 


W. M. Waiub. 
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Grass Drying. By 8. W. Chevblby, M.Sc. With a Foreword by Sm 
Dakiibl Haix, K.C.B., F.R.8. [Pp. 127, with 9 platen.] (London ; 
Ivor Nicholson <fe Watson, Ltd., 1937. 6«. net.) 

Dubino recent years the drying of grass has become a fashionable topic of 
discussion among a certain section of the progressive agricultural community, 
for it is so seldom that what is really a revolutionary procedure can be applied 
to a produce that is so familiar to the farmer and of which his production 
beyond immediate requirements has been taken care of by the age-long 
process of hayTTuiking. It was Woodman at Cambridge soon after the war 
who first pointed out that grass contained most protein and therefore nourish- 
ment when the blades wore two to three weeks old, and that if cut at this 
stage it was oncj of the finest possible agricultural foods. Later, when the 
blades were one to two months old, and ai)proaching the haymaking stage, 
the protein content was relatively much loss, and decreased further dimng 
the actual haymaking process itself. Woodman therefore suggested cutting 
the grass when it w€w yoving and artificially drying to convert it into a stable, 
highly nutritious food — ^now known to be the equal of oil cake-~for storage 
as winter ration. 

On these simple postulates the new industry of grass drying has boon 
slowly built up, and all has not been by any meems plain sailing. The fact 
that nitrogenous fertilisers would increase two- or three-fold the yield of 
young grass was an incentive to the fertiliser industry and money was soon 
available for resetirch. But drying is not easy, for in practice it moans the 
conversion of 70 per cent, of the weight of the grass into steam, and this 
requires much boat. The first macliines for the purpose were unwieldy and 
terrifying not only to the farmer’s sight but to his pocket as well ! Progress 
has therefore boon slow, but all the same the advances made have been very 
real, and we sliall be in a position to judge during the next few years the 
effect of soil and season on the protein yields of the finished product, for the 
cost of a unit of protein in dried gross compared with that in an oil cake is 
the overriding economic factor on which the new industry will flourish or fall, 
Mr. Choveley has been actively engaged in this new field since the inception 
of grass drying on a commercial scale and ho has produced a well-balanced 
and very readable book which will be indispensable to those, and they are 
a growing band, who see in the new industry a partial salvation for British 
agriculture. 

A. C. C. 


Oils from Irish-grown Plants. Preliminary Report by Prof, Joseph 
Rbuxy, M.A., D.Sc., F.R.C.Sci.I., emd Denis F. Kelly, M.Sc. 
Agricultural Bulletin No. 4. [Pp. 92, with 6 plates.] (Cork University 
Press ; London : Longmans Green A Co., Ltd., 1937. 2a. 6d. net.) 

This report gives an account of an investigation undertaken to ascertain the 
possibility of growing certain oil-producing crops in the Irish Free State. A 
case is made out for the growing of linseed and rape for the oils which they 
yield, and preliminary field experiments would appear to justify laige-soale 
cultivation tests of poppy seed. It is asserted that the work is entirely of a 
preliminary nature dealing mainly with the chemical and technical rather 
than with the economic aspect. Results of field trials for hemp and sunflower 
are not conclusive though there is evidence that these crops can be successfully 
cultivated. Other plants which have been experimented with are hemp. 
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mustardt soya boan and Mereu/rixdia annua. The report contains statistical 
data on oil production in various countries and also analytical data concerning 
the various oils, and in an appendix a brief account is given of experimental 
methods employed. p, H. 

Verglaiobende Morpbologie der hdheren PAanzan. 1. Band : 
Vagatationsorganey 1. Teil, 2. Lioferung. Von Dr. Wilhelm 
Troll. [Pp. 173-508, with 286 figures.] (Berlin : Oebriidor Bom- 
traeger, 1937. RM. 27.-; subscription price RM. 21.60.) 

This continuation of Dr. Troll’s work on the morphology of the “ Vascular ” 
plants is oonoornod, like the first part, with the vegetative organs. The 
present sections treat of the differentiation of the shoot into nodes and inter- 
nodes ; the periodic development of the intemodes and their influence upon 
growth form ; the growth of the leaves at the meristem and theories respecting 
the relation of leaf and shoot ; leafless shoots ; the symmetry of the shoot and 
leaf ; the habit and growth forms of the Pteridophyta, etc. 

Like the part already reviewed, the text is very fully illustrated with 
photographic reproductions and clear explanatory diagrams, and is an earnest 
of the full treatment which morphology will receive when the work is 
completed. E. J. S. 

PEDOLOGY 

Soil Erosion and its Control. By Q. C. Ayres, C.E. McGraw-Hill 
Publications in Agricultural Engineering. [Pp. xii -H 366, with 244 
figures.] (Now York and London ; McGraw-Hill Publishing Co., Ltd., 
1936. 2U, net.) 

The idea of the World as relatively static is held by a considerable proportion 
of oven educated persons, and so when dynamic aspects are forced upon our 
notice the phenomenon is frequently regarded as abnormal, whereas it is the 
magnitude of the phenomenon, and not the phenomenon itself, which is 
unusual. As the author of this book wisely remarks, “ What takes nature 
hundreds or even thousands of years to manufacture, Man can and often does 
destroy almost overnight by haphazard land use and improvident husbandry.** 

The problem of erosion in the United States has b^n forced into promi- 
nence not by its novelty but by the sudden and overwhelming scale of its 
consequences, due to a combination of the effects of prolonged and thoughtless 
exploitation by man and a succession of exceptionally dry seasons. 

The terrible toll of between thirty-five and fifty million acres of cultivated 
land totally ruined and abandoned, with the partial or complete removal of 
the top soil from a further area of one hundred million acres, is a disaster so 
vast as to be difficult, if not impossible, to grasp— an area of some 230,000 
square miles more or less ruined, or nearly twice that of the whole land area of 
Great Britain and Ireland. 

Qualitative comparisons of the holding power of various types of vegeta- 
tion appear to show that their diverse capacities to retain soil are in direct 
proportion to the degree of their natural adaptation to environmental con- 
ditions. Hazel-Bush and Oak-Hickory would, according to the author, 
appear to be most efficient, both with respect to water retention and the pre- 
vention of erosion. 

The author is an agricultural engineer, and as such it is natural that the 
more constructional aspects of control— the ma king of dams, the d*^*g **i 
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location and oonatruotion of terraces, their costs and maintenance, the terrace 
outlets and the control of gullies, to each of which a chapter is devoted — 
should all receive full consideration. Whilst due recognition is accorded to the 
valuable and indeed indispensable role of vegetation, to which in fact the con- 
structional works are really subsidiary, one would have welcomed a-^fuUer 
account of the biological factors than is here furnished. The effects of forests 
on stream flow and erosion, which have been extensively studied by French 
foresters, here receive rather moagre treatment. 

Though not as comprehensive as the title might lead one to suppose, this 
volume is a useful handbook to the problems facing those engaged in combating 
the forces of erosion. 

E. J. Salisbuby. 

Engineering Properties of Soil. By C. A. Hoqbntoolbb, C.E. [Pp. 
xiv + 434, with 198 figures.] (Now York and London : McGraw- 
Hill Publishing Co., Ltd., 1937. 30s. net.) 

In this volume the author has made a meritorious attempt to co-ordinate 
the purely scientific aspect of soil mechanics with some of the difficulties 
which confront the practising engineer. It is probable that a considerable 
time must still elapse before the numerous theoretical investigations into this 
subject can bo crystallised to an extent which would enable the Properties 
of Soil to be classified as Engineering rather than Chemical, Physical or 
Mathematical. 

The first three sections of the book deal largely with the latter, while 
the last section is devoted to Practical Design and Construction. The word 
** practical ** used in oonjxmction with Engineering Design as affected by 
Soil Properties raises the hope that the methods of analysis given might 
bo expected to yield definite results. This hope is perhaps justified by 
references to particular problems rather than to general engineering practice. 
Differentiation between Theoretical and Actual Engineering Design some- 
times leads to confusion between the Pure Sciences and empirical niles of 
thumb. The author has achieved considerable success when attempting to 
negotiate this passage between Scylla and Cliarybdis as well as in maintaining 
a partial balance between the devilment of some colloidal theories on the 
one hand and the deep sea of empiricism on the other. 

The book is well illustrated and the diagrams and tables are set out in 
the workmanlike manner usually fovmd in American publications. The 
comprehensive bibliography should be of assistance to the student of Soil 
Mechanics, though the field is somewhat specialised when comparison is 
made with the Proceedings of the International Conference on Soil Mechanics 
and Foundation Engineering held in June 1936. 

The author by his work has contributed to one of the most controversial 
and yet one of the most important branches of Engineering Science. 

H. J. COLMNS. 


BIOLOGY 

Evolution. By A. Fbankuk Shuix. [Pp. x -f 312, with 64 figures.] 
McGraw-Hill Publications in the Zoological Sciences. (New York 
and London : McGraw-Hill Publishing Co., Ltd., 1986. 18s. net.) 

In this book Prof. Shull has endeavoured primarily to give an account of 
evolution in the light of modem genetic work. Such an attempt is deserving 



SOIENOE PBOGEBSS 


602 

of high praise, and this survey is undoubtedly valuable. There is much in 
it which will stimulate the interest and curiosity of the student. There are 
certain sections, however, which may stimulate also liis criticism, for the 
manner of presentation, and the interpretations here adopted, are not always 
unexceptionable. As the work will no doubt be widely studied, it may be 
useful to draw attention to a selection of such points, in order that readers 
may be alive to the necessity of analysing for themselves the facts here 
discussed. 

In general, the book is somewhat loosely written. Facts are often 
quoted without references : indeed, the whole might bo much more thoroughly 
documented. The scientilic names of the species mentioned are frequently 
omitted (pp. 170 , 188 , and many other examples). Furthermore, the writing 
is rather inoxaet. This is a groat misfortune whore any genetic subject is 
being discussed, as extremely clear wording is then on essential. Such 
phrases as “triangular and spindle-shaped genes” (p. 113) — in relation to 
genes producing triangular and spindle-shaped capsules — should of course bo 
most carefully avoided. The term “ mutation ” must be restricted to the 
inception of an heritable variation, and should never bo used for the altered 
gene to which a past mutation has given rise, as is done here (e.g. p. 150). 

In a few instances, well-known biologic<il facts are incorrectly ex|>lained. 
Thus, it is not in accord with modem discoveries in cytology to state that no 
trace of gone multiplication can be seen till early in mitosis (p. 72). It is 
of course now known that the chromosomes are alreoiiy split longitudinally 
into chromatids when mitosis begins. On p. 138 we are told that the 
members of a pair of allelomorphs aro in stable equilibrium when the three 
possible genotypes AA, Aa, aa are in the ratio ipq : 9*. The author goes 
on to remark that “ anyone who does not trust the algebraic calculation 
necessary to arrive at this conclusion can readily substitute for p emd q any 
specific values — and demonstrate that with random combination they should 
retain thesi* values generation after generation.” It is to be hoped that the 
majority of Prof. Shull’s readers will bo sufficiently sceptical to undertake 
this task, and that they will then discover for themselves that in reality 
equilibrium is reacdied when the proportion of heterozygotes is twice the 
square root of the product of the frequencies of the two homozygous classes. 

Prof. Shull attempts to lay too gri^at a burden upon the direction of 
mutation, nor does ho quote Fisher’s demonstration that, in a system of 
particulate inheritance, agents affecting mutation are very inefficient for 
controlling evolution. The argument on pp. 123-6 is not worth developing. 
Sm’oly no one is likely to suppose that every gene is capable of mutation in 
all directions. By the random nature of mutation it is implied that an 
agent causing mutation is no more likely to evoke one than another of the 
changes possible for a given gene. 

Parallel mutation is involved in one of Prof. Shull's least successful 
arguments, that on mimicry. This appears to l>e a subject which he has not 
studied very deeply. He has evidently not realised the complete super- 
ficiality of most of the resemblances involved in this phenomenon, which 
excludes the f>ossibility that they can be due to the same genes. He even 
argues in a circle to the extent of suggesting that purely superficial resem- 
blances may be due to parallel mutation, because genes may have different 
effects in different gene complexes (p. 186). When the genes cannot be 
proved identical, and the effects they produce are not the same, the grounds 
for assuming that they are due to parallel mutations seem poor. Prof. 
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Shull does not seem to have appreciated the wide range of forms, often 
exhibiting only most distant relationships, affected by mimicry, nor that it 
frequently necessitates resemblances, not only in colour and pattern, but 
also in shape and habit. However, it is no doubt unfair to judge a book 
by one of its loss satisfactory components. 

In his discussion on natural selection. Prof. Shull tends to under-rate 
the variability of the response of organisms to environmental changes, and 
consequently their susceptibility to selection (p. 162). The ease with which 
it is possible to alter by selection the resistance of organisms to such changes, 
and their response to them, should have been pointed out. 

Prof. 8hull comments on the small amount of evidence which demon- 
strates the effect of natural selection (p. 211). Hod he given us a summary 
of some of the more striking modem work on this subject, the deficit would 
be much less apparent. The results of Gordon and of Timof^eff-Ressovsky, 
among others, should certainly find a place here. 

There is, however, much to commend in this book. In particular, the 
very proper caution may be mentioned with which the author interprets 
the results of McDougairs experiments upon the inheritance of learning in 
rats. 

E. B. F. 

Nematodes Parasitic in Animals. By Gkoffrry Lapaqe, M.A., 
M.D. Methuen's Monographs on Biological Subjects. [Pp. x + 172.] 
(London : Methuen & Co., Ltd., 1937. 4a. 6(i. net.) 

Dr. Lapaob has managed to pack into this small book an astonishing amount 
of information especially on the physiology of the nematode parasites of 
animals. The work consists of four chapU^rs. The first, pp. 1~27, covers 
structure, lifo-histories and classification ; the sexjond, pp. 28-96, deals with 
physiology under five heads ; the third, pp. 96-130, treats of the rosistsince 
of the host to nematode infestations under seven heads ; whilst the last, 
pp. 131-137, deals briefly with the control of nematode infestations. There 
is a list of 404 references and a good index. 

Where the treatment of the subject-matter comprising the greater part 
of the book is so good, it seems a pity that a number of errors should have 
been allowed to pass unremediod. No doubt in a work of this kind it is 
inevitable that great compression must bo attemptcxl, but the sense of over- 
crowding and of telescop^ statements is very noticeable in the first chapter 
where the following have been noted. On p. 19 it is stated that the larvaj of 
Strongyloidea and Dracuncultia pass out with the fecces. On the same page, 
in discussing the life-history of StrongyloideSf one finds the statement that 
the eggs laid by the sexual, free -living generation give rise to filarifortn 
larvas ; the fact that those develop from rhabdUiform larvce being omitted. 
On p, 21 it is erroneously stated that the larvea of Dictyocatdua filaria, para- 
sitic in the lungs of sheep, develop in species of Lumbrims and Eiamm, whereas 
the life-history is direct. The book could scarcely be recommended to anyone 
not already equipped with a fair knowledge of nematodes as a group, especially 
as there is an entire absence of drawings, but to a worker interested in problems 
of physiology, metabolism and host-parasite relationships it can be cordially 
recommend^ as providing a compact discussion of most of the recent litera- 
ture on these matters. 


T. G- 
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Reoent Advanoes ia Cytology. By C. D. Dablington, D.So., Ph.D. 
Second edition. With a Foreword by J. B. 8 . Haldane, M.A., F.R.S* 
[Pp. xvi + 671, with 16 plates and 160 figures.] (London : J. & A. 
ChurohUl, Ltd., 1937. 21«. net.) 

The title of this book is rather misleading, os it is devoted primarily to the 
cytology of the nucleus in relation to genetics. The vast amount of work, which 
has been carried out in this field within recent times, has been critically reviewed 
by the author. The opening chapters are devoted to a description of the 
structure and behaviour of chromosomes during mitosis, and an account 
of meiosis in diploids and polyploids. Succeeding chapters are devoted to 
structural hybrids and polyploidy. A discussion of the chromosomes in 
heredity is concerned mainly with showing the parallelism between “ the 
rules of heredity and the rules of chromosome behaviour.** The author 
defines the gene as “ the unit of crossing-over, and therefore the atom of 
inheritance.*’ The remaining chapters are devoted to permanent hybrids, 
the breakdown of the genetic system, and cell mechanics. 

Full use has been made of diagrams to clarify the text, and to illustrate 
theoretical interpretations of chromosome behaviour. A great amount of 
work has been summarised in the form of tables, which are specially useful 
for purpose of reference. The new terms, which have been introduced in 
this branch of cytology, and in genetics, of recent years, make the glossary 
of special value to those who are not specialists in these branches of biology. 

In the Foreword, Prof. J. B. S. Haldane points out that “ for some 
centuries the deductive method in the biological sciences has been very 
properly suspect. But first in genetics, and now in cytology, we have 
returned to it,** for as Dr. Darlington explains, it is possible to base pre- 
diction of chromosome form and behaviour on observations by genetioal 
methods, and vice verad, and these predictions can afterwards be tested.** 

This book provides an excellent survey of one of the moat progressive 
branches of modem biological research. 

R. J. L. 

Biological Laboratory Technique : An Introduction to Reeearoh 
in Embryology, C3rtology and Histology. By J. Bromt^ 
Gatenby, D.Phil.,M.A.,Ph.D.,D.Sc. [Pp. vii -f 130, with 8 figures.] 
(London : J. & A. Churchill, Ltd., 1937. Is, Qd, net.) 

This book is intended to furnish the University teacher or student, and the 
amateur, with a short and simple introduction to modem microtomy. The 
treatment is thoroughly practical and concise. The author deals with the 
examination of living cells and the preparation of smears, whole moxmts 
and sections ; the latest methods of fixation, embedding and staining receive 
attention, and a chapter is devoted to microchemioal tests. There is also a 
brief account of the B6am*6 ultra-centrifuge. Zoological methods are dealt 
with primarily, although occasionally botanical techniques are mentioned. 

Two noteworthy features are, critical summaries of the merits and 
demerits of the methods described, and an attempt to indicate the pitfalls 
and causes of failure in the various methods. 

An error in proof reading appears on p. 77, where Champy*s fluid is 
described as a mixture of potassium bichromate, asmio acid and osmium 
tetroxide. 

Among the rather numerous books on microtomy the present volume 
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should rank high. It may perhaps be best likmied to an up*to-date, 
abridged edition of the Microtomiaia Vade Mecum^ by one of the editors of 
the three last editions of this standard work, and for such a book biologists 
generally will have cause to be grateful to Prof. Gatenby. 

F. W. J. 


The Biological Control of an Insect in Fiji ; An Account of the 
Coconut Leai-znining Beetle and its Parasite Complex. 

By T. H. C. Taylor, M.Sc. [Pp. x -f 229, with 2 maps, 23 plates and 
17 figures.] (London ; The Imperial Institute of Entomology, 1937. 
I2a, net.) 

Already two accounts have been published of biological control campaigns 
in Fiji. The first. The Coconut Moth in Fiji, previously reviewed (see 
SciBNOB Progress, X^V, No. 99, 1931, 542-3), described the successful 
control of this moth by a Tachinid parasite Piychornyia remota. The second 
was a paper describing the control of the scale insect Aajndiotua destructor 
by a predatory Coccinellid beetle Cryptognatha nodicepa {Bull. Ent. Rea,, 
1935, 26 , 1-102), In each of these instances the control has proved 
permanent. 

The present book deals with the campaign to find a biological control 
of the leaf -mining beetle Promecotheca reichei. This post was indigenous in 
Fiji together with its primary and secondary parasites. These maintained 
a perfectly satisfactory control imtil recent years when a foreign mite, 
Pediculoidea ventricoaua, arrived and upset tlie balance. Tliis mite has 
periodically eliminated all but one of the developmental stages of the beetle, 
creating what Mr. Taylor terms the one-stage ’’ condition. In simple 
words the “ one-stage condition is one in which successive generations 
cannot appreciably overlap each other. This is a normal occurrence in 
temperate countries whore the factors causing this condition are largely 
seasonal climatic changes. On the other hand, the “ multiple stage,’* in 
which all stages occur simultaneously, usually obtains in the tropics. As a 
consequence of the leaf-mining beetle being in the “ one-stage *’ condition 
the indigenous parasites were unable to deal with the situation and the 
beetle became a pest. 

The problem was thus to find something which was able to satisfy 
imusually rigid requirements. It was also a case of controlling an insect 
in its native environment. 

The book is arreuaged in an orderly manner starting, after a short intro- 
duction, with a full account of the loaf-mining beetle. Then follows a 
chapter dealing with the parasites and predators associated with it in Fiji 
prior to 1933. The next chapter describes the beetle as a pest and discusses 
its outbreaks and this is followed by an accoimt of the nature and extent 
of the control exerted by the parasites and other factors before 1933. Having 
thus set the stage, so to speak, Mr. Taylor describes the search for the special 
type of parasite required. Its desired character is carefully worked out on 
theoretical grounds. Several parasites were found but finally Pleurotropia 
parvulua, a Eulophid, was chosen. This insect is a primary internal 
parasite of all stages of the larvee and pupae of Promecotheca nuciferaa and 
Qotiophora mnthomelana in Java. Chapter 7 describes this insect in detail 
from almost every aspect. The next chapter narrates the introduction of 
this parasite and two others from Java into Fiji and the penultimate chapter 
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givecf the methods employed in breeding and studying the beetle and its 
pcurasites and for collecting data in the field. The last chapter oonsists of 
twenty-eight references. Finally come the twenty-three plates. 

It would be difficult to find a more complete account of a successful 
entomological campaign in book fomi. The arrangement is such that if one 
wishes one can follow the project from beginning to end without being 
hampered with details. A re-reading provides the details. Some of the 
wider and more fundamental aspects of biological contml are revealed in 
the course of working on the cose under investigation. The book is easy to 
handle and pleasant to road, while the price, thanks to special grants, is low. 

H. F. B. 


The Locust Outbreak in Africa and Western Asia in 1935. By B. P. 

UvAROV, D.Sc., and Miss W. Milnthorpb, B.Sc. [Pp. 63, with 9 
maps.] (London : H.M. Stationery Office, 1937. 3s. net.) 

This is the fifth ropcjri of the Committee on Locust Control and covers a 
|x?riod in which the destructive outbreak of the last eleven years has been 
subsiding. It is rightly stressed that the intermission of immediate danger 
is no excuse for a slackening in the study of the species, which can only be 
controlled by maintaining them at their present or at a lower level. There 
is one especially valuable type of observation that can be made only when 
locust mnnbors are at the minimum, viz, to determine the permanent breeding 
areas. During an actual outbreak breeding may take place over a very 
wide area, but os the outbreak recodes breeding becomes more and more 
restricted, till finally it goes on only in a few rather well-defined localities, 
which will be the source of the next outbreak. In the African Migratory 
Locust it is already highly probable that the only permanent danger spot 
is the Middle Niger region, and a plan for continuous supervision of this 
area is already in being. With the Desert Locust and the Rod Locust which 
have more scattered breeding centres, the position is not so clear cut and, 
in the Red Locust especially, there may be more permanent breoding-places 
than those known at present. The Red Locust, too, has been found to 
cross the equator in Eastern Kenya and to invade Somaliland. It was 
thought previously that climatic conditions would prevent this ; fortunately 
the swarms were unable to breed in Somaliland and died there without 
laying eggs. The Imperial Institute of Entomology and Dr. B. P. Uvarov 
are to be congratulated on a series of reports not only of great economic 
importance but also of the highest scientific interest, giving us a picture of 
a way of living and maintaining numbers very different from tliat of the 
ordinary insects of the temperate zones. 

O. W. R- 

A Prelizxunary Investigation into the Causes of Scale Absorption 
in Salmon (Salmo salar, Linn6). By Vbbnon D. van 
SoMKREN, B.Sc. Fisheries Scotland, Salmon Fish., 1937, No. II. 
[Pp. 12, with 1 figure.] (Edinburgh : H.M. Stationery Office, 1937. 
9d. net.) 

Work on this subject has already been carried out in the intercBte of the 
Fishery Board for Scotland by M. I. Crichton, the results being published 
two years ago. From the similar biochemical research of Prof. Neave of 
Manitoba, it appears that the subject has to be regarded as one which requires 
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further attention, but Rauther in Germany having ascertained the chemistry 
of scale material in teleostoans, the method of approach followed in the 
present author's work has been determined. It has been found that 30 to 
40 per cent, of the scale material is inorganic etnd chiefly calcium phosphate, 
and the attempt lias been made by calculating the serum calcium values 
to ascertain the conditions of absorption. 

Blood samples were taken from newly killed salmon at the mouth of the 
Tay, half-way up the Tweed and in the tributary of the Ettrick, and it has 
been found that a striking seasonal variation appears in the female salmon 
as spawning time is approached, while the values in males remains constant 
till just before spawning. In females it rises from 18 to 19 per cent, to 
44*2 mg. per cent, when the fish is ripe for spawning. In the males it remains 
about 15*6 mg. to 16 mg. per cent., and at spawning-time drops to 111 or 
so. A graph shows the difference very clearly, but since it is the case that 
males show much mon^ absorption in their scales than females, this line of 
approach to a solution of the problem seems to havt^ failed. At the same time 
it is clear that there is some coniUHJtion between the stinnn calcium value 
and the state of the gonads. 

We think the reasoning is sound which takes note of the counticiion 
between the i>eriods of feeding and non-fooding and the metabolism of calcium. 
Green's work in America is quoted in this connection, while the extensive work 
of Noel Paton and his colleagues, publisheci by the Fishery Board for Scotland 
about 40 years ago, npj)ear8 to be overlooked. The scales may bo a natuial 
store of the minerals nenjossary for the upkeep of the fasting fish, yet this 
does not supply us with any account of the process of absorption. Dr. 
Foerster, Canada, has suggested that the development of the secondary sexual 
characteristics such os the hook on the jaw or “ kype " of males — and we 
might add the marked thickening of the epidermis — may bo an explanation 
of the calcium absorption in males, or the difference between the sexes, but 
this has not, so far, boon followed up. 

Although a rather negative result emerges from Mr. van Bomeren's Pre- 
liminary Investigation, his paper is a most suggestive one. 

W. L. C. 


Mytilus. By Kathleen M. White, B.Sc. L.M.B.C. Memoir No. XXXI. 
[Pp. viii 4-117, with 10 plates.] (Liverpool : The University Press 
of Liverpool, 1937, 9s, net.) 

An addition to the valuable series of the Liverpool Marine Biology Com- 
mittee’s Memoirs on Typical Marine plants and animals has been made by 
Miss Kathleen M. White with her memoir on Mytilus edulis, the common 
mussel of our shores. The mussel, which is a Lamellibranch mollusc belonging 
to the order Filibranchia, is an animal of considerable food value, whose 
culture flourishes more on the continent than in the British Isles. Fear of 
poisoning is probably largely responsible for the lack of popularity of this 
shellfish, since they are ciliary feeders and very liable to sewage contamination. 
The beds are close inshore and thus often in the neighbourhood of sewage 
outfalls. It is however now possible always to obtain mussels of certified 
purity sinoe the introduction of the system of cleansing tanks by the Ministry 
of A^oulture and Fisheries, which were first proved out at Conway. 

The main part of Miss White’s memoir is on the external characters and 
anatomy of the mollusc, but it is prefactxi with an interesting account of the 
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biology of the apeoies and its economic importance. Throughout the desorip* 
tive part also mention is made of experimental work elucidating the functions 
of the various organs. The work ends with a section on the life history and 
development and a most useful literature list of 190 references. As MytUuB 
may be regarded as one of our commonest bivalves the memoir should prove 
very useful not only to students but to all interested in natural history and 
the structure of animals. jr. s. R. 


HISTORY OF SCIENCE AND PHrLOSOPHY 


Origins ol Clerk Maxwell’s Electric Ideas as described in familiar 
letters to William Thomson. Edited by Sir Joskph Larmob. 
[Pp. vi 4- 66.] (Cambridge : at the University Press, 1937. 3s. 6d. 

net.) 

This volume consists of a series of informal letters written by James Clerk 
Maxwell to William Thomson during the period 1864 to 1879. The letters 
have been selected, arranged and to some extent annotated by Sir Joseph 
Larmor, who also contributes a foreword. The letters were originally issued 
as Part V of Volume 32 of the Proceedings of the Cambridge PhUosophioal 
Society t but as they are clearly of much interest to a wider circle a more 
general form of publication is welcome. 

In the earlier letters Maxwell is asking Thomson for information about 
electrical matters, a subject which, together with his theory of colour, 
occupied liis attention after having “ enteroci the unholy state of bachelor- 
hood.** “ Suppose a man to have a popular knowledge of electrical show 
experiments and a little antipathy to Murphy’s Electricity, how ought he 
to proceed in reading and working so as to got a little insight into the subject 
which may be of use in further reading ? ” This was in a letter addressed 
from Trinity College in February, 1864. At the end of the same year there 
is a statement of “ the confessions of an electrical freshman,” a summary 
of the clearer ideas which had emerged in the course of his reading. As 
the letters proceed we realise how he groped towards his structural theory 
of the interrelated law of electric and magnetic force. From his house in 
Kensington, when he was Professor of Natural Philosophy at King’s College, 
London, he writes (1861) : “ I suppose that the ‘ magnetic medium * is divided 
into small portions or cells, the divisions or cell -walls being composed of a 
single stratum of spherical particles, these particles being * electricity.* . . . 
By comparison with Weber’s value of the statical measure of a unit of elec- 


trical current I have deduced the relation between the elasticity and density 
of the cells. The velocity of transverse undulations follows from this directly 
and is equal to 193,088 miles per second, very nearly that of light” We 
can readily understand why the same letter contained the question ; ” Do you 
know any good measures of dielectric capacity of transparent substances t ” 
The letters show us the youthful eager Maxwell better tlian any biography 
can do. Sir J oseph Larmor is the most unobtrusive of editors and is mainly 
content to let them tell their own story. But one liint he gives us should 
surely be followed. While perusing this volume we should take down from 


our shelves the Clerk Maxwell CofnrnemorcUion Volume (Cambridge University 
Press, 1931) and look again at that delightful beardless photograph of 
Maxwell as a young graduate, the young man who wrote the earlier of these 

E. V. A. 
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Th# Drama of Chemistry- By Sidney J. Feenoh, Ph.D. [Pp. viii -f 
170, with frontispiece and 112 figures.] (New York : The University 
Society; London: Chapman & Hall, Ltd. 1937. 4«. fid. net.) 

Tras is the volume on chemistry in “ The University Series : Highlights of 
Modem Knowledge,*' a collection of works intended “ to present, in an 
attractive form and in a concise, readable stylo, the truly amazing story of 
the life of mankind — an authoritative survey of the physical and social 
sciences, history, philosophy, literature and the arts." The composite illus- 
tration on the dust-wrapper is well in keeping with the object of the series, 
but, since chemistry may well be the oldest science and is unquestionably the 
one that touches life at all points, it is curious that this science finds no place 
even in a remote comer of the wrapper. As for the book itself, it is a popular 
work for the general reader ; the form is attractive and the style rea/iable ; 
and it is a feat to have compressed so much into so small a 8X)ace. But in 
places there is a lack of perspective, not necessarily due to compression, os in 
the phrase " the black magic of alchemy " and the statement : “ Originally 
little more than a hobby in which statesmen, clergymen and others dabbled, 
chemistry has now become a profession." And surely it is surprising that in 
an American book Priestley's name should appear as " Priestly " ; while, com- 
pared with the statement that the doyen of British chemistry, Armstrong, was 
bom in 187fi, the dating of the battle of Cr^y as 1490 is a minor historical slip. 

D. MoKie. 

Tho Philosophy of Relativity. By A. P. Ushenko, Ph.D. [Pp. 208, 
with 11 figures.] (London: George Allen & Unwin, Ltd., 1937. 
8s, fid. net.) 

The author tolls us that he proposes to construct a philosophy which shall 
be a possible interpretation of the formulae of Relativity. It is therefore 
legitimate) to point out that few physicists would agree with the author's 
version of the theory of Relativity given in Chapters II, III, IV and VI. 
Fundamentally this presupposes that flat Euclidean space is in some sense 
“ true " : thus, on page fi7, there is mentioned the “ witnessing of intuition 
that space is Euclidean," But Relativity is credible and useful to the 
physicist only because he lias found that there is no such a priori method 
for deciding whether space is flat or curved. Tliis predisposition in favour 
of flat space leads the author to apply the formulae of special relativity to 
physical situations whose possibility is ruled out by the axioms of the theory. 
An instance occurs in the problem of the relative “ ageing " of two twins, one 
of whom stays on earth whilst the other travels to a distant star and back. 
Since the motion of the second twin is necessarily accelerated for some part of 
the time, the formulsB of special relativity, which assume constant relative 
velocity, do not apply to his journey. Again the author apparently believes 
that in general relativity an observer cannot make world-wide separations 
of space from time (page 108). The observer oannot, of course, do this in 
terms of plane sections of space-time as is possible in special relativity. The 
use of plane sections is however quite irrelevant : in general relativity space 
and time can be unambiguously separated by means of curved sections. 
Indeed, the whole theory of the expanding universe is based on this possibility. 
Finally the many misprints in the mathematical sections of the book might 
make the latter difficult to follow for anyone not already familiar with their 
subject-matter. 

BE 
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In the metaphysical portion of the book, Dr. XJahenko replaces the category 
of physical substance by that of events regarded as agent-acts. He concludes 
that space-time is real and is not merely a conceptual framework convenient 
for the ordering of a certain class of observations. The fact that quantum 
phenomena have largely escaped inclusion in the continuovis space-time scheme 
of relativity is not touched upon in reaching thin conclusion. 

G. C. McV. 

MISCELLANEOUS 

What Science Stands For. By various Authors. [Pp. 132.] (London: 
George Allen & Unwin, Ltd., 1937. 6s, net.) 

This book is a series of essays by six authors, presenting various aapects of 
the impact of science on human affairs. Thus in the first essay Sir John Boyd 
Orr treats of the new orientation regarding standards of nutrition, necessitated 
by the realisation that food is not merely a question of calories, but that full 
health is only to be attained by the supply of a certain minimum of on increas- 
ingly wide range of vitamins, involving a much extended dietary. The second 
essay by Prof. A. V. Hill emphasises in a very delightful manner the essentially 
international character of the scientific 8X)irit, under the title of “ Tlie 
Humanity of Science.” Prof. Philip stresses the part played by the chemist 
in the service of the commimity and considers the curriculum that the potential 
chemist should pursue. Sir Richard Gregory emphasises the cultural value 
of science, whilst Sir Daniel Hall writes of the increase of power that know- 
ledge gives, of its acivantages and pot/ontial dangers. In the last essay Prof. 
Hogben gives his views on science in education. 

Although most suited for the general reader, several of the essays will be 
read with interest by the professional scientist. 

E. J. S. 

Darwin’s Theory Applied to Mankind. By Alfred Maohin. With 
a Foreword by Sir Arthur Keith, F.R.S. [Pp. xxiv + 284.] (Lon- 
don, New York, Toronto : Longmans, Green St Co., 1937. Is, 0d. net.) 

It is in no sense an adverse criticism to say that Mr. Machines book is provoca- 
tive. To discuss it adequately would require a commentary as long as the 
text. The whole history of man, as man, it is argued, fells into a series of four 
stages, beginning with the solitary hunter, and imssing through the social 
hunting stage and the slave stage to the free stage. In these stages two 
codes of morality emerge. The earlier has for its end the promotion of 
qualities and characters which tend to the preservation of the group, internally 
by regulating the relations of its individual members and externally by 
securing its survival among other competing groups. The second and later 
code is that in which the aim is to promote the creation and acquisition of 
wealth. Man as he exists to-day is a bundle of survival values, which have 
been inherited by natural selection from among the characters which onoo 
conduced to survival in each of the four stages. Other characters, such as 
those called man’s natural instincts, have been, or are, suppressed. Those 
which have survived are manifested in work, fruitful marriage, and patriotism. 
As regards the future, Mr. Machin holds — and given certain reservations, his 
oontention con hardly be disputed — brain power will be the next great 
positive survival factor. 

As Sir Arthur Keith points out in his foreword, Mr, Machin is whole- 
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heartedly an “ evolution is ” man. That is to say, he does not hold with 
many that evolution as applied to man is operative only in a biologioal sense, 
as determining his physical development. He regards it os at work through- 
out the whole story of civilisation ; while the future is being shaped by a 
process of natural selection in which that type survives which is best able to 
avail itself of the advantages of man's advance in the control of environment 
which constitute progress. Mr. Machines emphasis on wealth as the end of 
his later moral code makes his doctrine seem at first sight a little crude ; 
but post-War development makes it difficult to refute. Unless the dominance 
of brain power makes a reconstruction of the forms of society a necessity, the 
struggle for existence both os between groups and individuals seems likely 
to become more bitter. 

E. N. F. 

Environment and Nation. By Griffith Taylor. D.Sc. [Pp. 571, with 
frontispiece and 147 figures.] (Toronto : The University of Toront/O 
Press; London: Hiunphrey Milford, 1936. Ms. net.) 

The progress of a science is 8ec\u*od in rnore^ than one way. In the first place 
it proceeds, indeed must proceed, by the careful amassing of facts — the collec- 
tion of material of which the future edifice is to be built. But just as a builder 
and architect may pmduoe from the same material a temporary structure, 
a solid but uiiinspiimg edifice or a daring experiment, so the facts of such a 
science as geography may be arranged to give very different results. Prof. 
Griffith Taylor, the author of the book imder nwiow, has served his apprt>ntice- 
ship as a maker of bricks — his detailed rcAsearches into meteorology and 
geography in Australia, into the palaeontology and geology of Antarctica and 
Australia are too well known to need comment. But ho occupies now a 
unique position as a brilliant exponent of broad principles and illuminating 
theories. As a champion of what he believes to bo the truth Prof. Taylor is 
fearless. A dozen years ago, as Professor of Geography in the University 
of Sydney, he was wont to emphasise the extrf3me difficulties imposed by 
climate in the development of tropical Australia and the dry heart of the 
continent. Fighting against the tide of optimism of the moment he became 
one of the most unpopular figures in Australia ; to-day most of his assertions 
have been shown to be well founded. In the book Environment and Race to 
which the present work is the second in a proposed trilogy he introduced 
amongst many other ideas the geological concept of inlier and outlier into the 
field of anthropology. He now turns his attention to the cultural geography 
of Europe and claims iliat his book is a protest against narrowing the fields 
of science unduly. The field which he takes is to a large extent “ unclaimed 
by the geographer, geologist, historian, ethnologist or sociologist, and yet 
owing much to all these disciplines." The resulting geographical interpreta- 
tion of European history is an objective treatment wliioh depends for its 
success on a nice selection of salient facts and a sound judgment in the formu- 
lation of generalisations. No one can read the book without a sense of 
profound admiration for the author’s handling of an immense variety of facta 
or for his remarkable facility for their presentation in new and ingenious mapa 
and diagrams. Many of the diagrams (e.g., Figs. 30 and 31 as well as Fig. 1) 
are masterpieces of skill in compression. 

Such a book must inevitably evoke criticism from specialists in the varied 
fields upon which it touches. But it cannot be denied that it is immensely 
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stimulating and some of the diagrams and statements most open to criticism 
are those which no other author has dared attempt — by reason of the very 
difficulty of the subject matter involved. If, however, there is a general 
criticism it is of the number of statements which are not strictly aoourate. 
It may often be urged that the argument involved is not affected but, if 
deliberate, the expedient seems unwise. Thus, on p. 220 the statement that 
London “ occupies the centre of the youngest beds of the Tertiary Basin 
where the sea has scoured out a brood estuary in the soft rooks ” is not strictly 
accurate though the general argument is not affected. Similarly on p. 281 
“ it is not far from the truth to say that in the lowlands between Luxemburg 
and Amsterdam wo seo a sequence of rocks much like that discussed earlier 
as extending from London to Snowdon ” is actually sufficiently far from the 
truth to be misleading. 

Similarly some of the diagrams are illuminating, others are less successful, 
a few definitely misleading. An example of generalisation which has seriously 
overlooked salient principles is found in Fig. 3 — a diagram which further 
defeats its own ends by obscuring the main features it should emphasise. 

This is a book with many faults, but with such an abundance of ideas os 
to make it of real importance to the student of the European scene. But he 
must be a critical student and a well-informed one. 

L. DtTDLBY Stamp. 

The Irish Countryman : An Anihropolog^octl Study. By Oonbad 
M. Abensbbrg, Ph.D. [Pp. xii + 216.] (London : Macmillan A Co., 
Ltd,, 1937. 10^. 6d. net.) 

This delightful work forms an elaboration of lectures delivered last year at 
the Lowell Institute in Boston. It is interesting both in itself and as a study 
of antliro|x>logical method. It lias become customary in so many schoob 
for the id(5a to grow up that anthropology b limited to the study of primitiv© 
peoples and that work can only be done at the expense of a long journey to a 
dbtsmt spot, where the investigator b hampered by a tropical climate, and 
under normal circumstances by a complete ignorance of the language. Dr. 
Arensberg has given us a concrete example of the work which can be done 
amongst our own people and has shown that county Clare not less than the 
South Sea Islands b thoroughly deserving of anthropologioal study. It must 
be nmde clear at once that the problems of the countryside are not less 
difficult or baffling than those of the tropical forest, but the enquirer has the 
advantage of language and of a common cultural heritage by which to check 
hb facts. 

Dr. Arensberg’s method, os indeed was inevitable from hb form — ^lectures 
— ^haa been to take certain aspects of the life of the peasant and to focus on 
them in turn, and further to exercise considerable selection in the use of hb 
material. He begins by a general discussion of method, combined with a 
brief dboussion of the human geography of southern Ireland. Thb he follows 
by a critical examination of the way in wliich the peasant earns hb living, 
not so much from the point of view of economics, though thb cannot of course 
be entirely avoided, as from the point of view of social organisation and what 
some have called “ descriptive ethnography,” Thb leads naturally to a 
description of the family and its relation to marriage and inheritance with 
special reference to the most important factor in all agricultural communities 
-*^land. The position and duties of the boys and men follows naturally, and 
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after work and duty has been described we have the relationship of the 
countryman to the shop and fair, where his pleasures and duties meet and 
also to that most important part of village life, the “ pub.” No discussion 
of Ireland, and especially southern Ireland, would be complete without 
something about the Good People, and here Dr. Arensberg gives us a most 
sympathetic chapter (Dr. Marett’s name by the way is wrongly spelt on 
p. 180). It is a pity that the author of so careful a book did not take the 
trouble to make an index, and a simple map would have been of advantage. 
Anyone interested either in anthropology or Ireland should enjoy this book 
and it is to be hoped that one of Dr. Arensborg’s lady pupils will write the 
missing chapter ” Women and Girls.” 

L. H. D. B. 

Records of a Yorkshire Manor. By Sm Thomas Lawson-Tanobed, 
Bt. [Pp. xii -f 384, with 6 maps.] (London : Edward Arnold & Co., 
1937. 21s. net.) 

In this book Sir Thomas Lawson -Tancred throws valuable light on the 
history of the sequestered village of Aldborough — a typical bit of unspoilt 
rural England some 17 miles from York, still boasting its stocks, maypole, 
and village punifj — from the time when its streets echoed to the tramp of 
Roman legions. 

By his scholarly and assiduous r(3searche8 spread over many years, by 
his patient garnering of momentous trifles culled largely from original sources 
— Court Rolls, Parish Registers, Poll Tax Rolls, Correspondence, etc. etc. 
— the author has accumulated a wealth of material concerning the village 
with which the name of his family is so closely identified, far transcending 
its purely local interest. 

In Part I of the book, the fourteen chapt-ers of which are devoted to 
the social and economic history of the village (and of its church, manor house, 
and similar institutions), the collected documents, carefully collated and 
classified, trace the fortunes of what was formerly a ” manor of ancient 
demesne,” throwing into sharp relief its decline to the status of agricultural 
manor, whilst it was outstripped by Boroughbridge and other neighbouring 
towns. Tlie manorial incidents pertaining to Aldborough are adequately 
dealt with by reference to the manor accounts, these symbols of feudalism 
being only finally extinguished in 1936. Some highly interesting rent rolls 
of the fifteenth and sixteenth centuries are given, as well as some very 
detailed household inventories ; whilst another chapter focusses attention 
on the vexed problem of fishing rights on the River Ure and the Ouso — 
where salmon abounded in the sixteenth and seventeenth centuries. 

Part n deals with the Parliamentary history of Aldborough and Borough - 
bridge, which achieved notoriety as ” rotten boroughs ” controlled by the 
Dukes of Newcastle. Here we have an admirable ” untouched ” picture, 
drawn from actual correspondence, of the bribery and corruption of the 
British parliamentary system until its more flagrant abuses were swept 
away by the Great Reform Bill, showing how two obscure villages, with but 
a handful of ratepayers or privileged ” burgages,” returned four members 
to Parliament whilst large manufacturing towns were totally unrepresented. 

All told, this book is a valuable contribution to our social and economic 
literature. No fanciful or discursive story this, nor a medley collection of 
old wives’ tales or village alehouse gossip which until recent years was so 
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often allowed to pass muster as “ local history.’* Although, with suoh a 
wealth of material to draw upon, one regrets the noticeable omission of 
photographs from the first part of the book, it will prove a mine of informa* 
tion to students of social, economic, and constitutional history, and find a 
worthy place on the shelves of antiquarians. 

D. W. 


Half-*CaBte. By Cedric Dover. fPp. 324.] (London : Martin 8ecker c& 
Warburg, Ltd., 1937. lOs. M. net.) 

“To*day there are no half-castes because there are no full-castes.” The 
notion of a pure race is fallacious and fanciful, the product of childish ignorance 
and aggressive snobbery. The author ” subscribes without qualification to 
the prevention of undeniably dysgonic matings but not to the conceit that 
color and economic success are indices of desirability.” A large and most 
interesting section of this book presents a survey of the so-called half-castes 
existing in every part of the inhabited world, oven the Esquimaux cannot 
claim to be free from impurity. It seems that miscegenation has operated 
from the earliest eras of the human race. In this survey the author especially 
considers the much -debated questions of the physical, cultural, and social 
effects which may arise as the results of miscegenosis, and which under 
reliable analysis are found to be largely illusory ; the mean values and mean 
variabilities of any particular attribute being not significantly differcsnt 
between half-castes and so-called full-castes ; and when real differences do 
appear they arc derived from inequalities of environment an<l economic 
standards imposed by prejudice of the dominant race and esixKjially exploita- 
tion imder a capitalist system. 

The author is himself a Eurasian and interested in the half-castos of 
India. He indicates that racial 8nobl>ery and comj)eiition for social status 
occurs as strongly among Euraaians as among Asians and Europeans. In 
fact, it seems that snobbery is a general expression for a universal human 
attribute ; it may perhaps exist among the ai)e8 ; a form of prestige lifting or 
selfishness, perhaps a form of self-preservation. 

The author discusses the merits and failings of Eurasians. The chapter 
given to the life of the young Portuguese Indian, Derozio, with extracts from 
his poetry, is charming and a most illuminating contribution to the propa- 
ganda of Eurasian aims. When it is evidently the desire of the propagandist 
to remove prejudice it is well to avoid invective which is not the same as 
argument, and sarcasm which is not the same os humour. 

It is a pity that on several occasions this excellent and interesting book 
should be blotted by expressions which will certainly hurt some readers and 
tend to deepen rather than lighten their prejudices. 

The book is well written and easy to read. Tlie catalogue of the pro- 
minent negroes in the Afro-American chapter is perhaps too long to be 
included in the story and might be more suitably placed in a footnote or 
appendix. There is a good and sufficient bibliography, and a useful index. 

P. J. 

Press Tool Making. By Ernest Perry. [Pp, viii -f 92, with 34 
figures.] (London ; The Technical Press, Ltd., 1936. 3«. 6d. net.) 

It is stated in the Preface that “ the main object is to help those good fitters 
. , , to become toolmakers.” Farther on, one reads that Technical terms 
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have been avoided as far as possible ! The writer stresses patience, thorough- 
ness and care. The book however contains many blemishes among which may 
be found errors in composition, spelling (Fig. 10, p. 19, Fig. Up. 27, Fig. 29, 
p. 85) and draughtsmanship (Fig. 7, p. 10, Fig. 12, p. 31, Figs. 16, 17, pp. 
49, 50). 

After dealing with the Vernier, accurate drilling, tapping and screwing 
various types of press tools and jigs are illustrated and discussed. The 
chapter on hardening and tomjwring contains many sound hints on a subject 
of which the average toolmaker knows very little, but no guidance is given 
on the subject of the choice of quenching medium. 

The book however abounds with useful infonnation and hints on workshop 
procedure which should prove to be of great value to the press -tool maker, 
though in its present form it could be recommended to students only with 
reserve. 

J. D. F. 
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REACTIONS AT LIQUID SURFACES 

By eric K. RIDEAL, M.B.E.. M.A., D.Sc., F.R.f?., F.I.C. 

PmfeBtor of CoUoid Scionoo in Uto Vniveniiy of Cambridgo 

Reactions in monolayers are of interest, not only because they 
include a number of catalytic reactions taking place at solid sur- 
faces, but also because there appears to be at liquid interfaces, and 
especially in gel-like monolayers, a close similai-ity to many bio- 
logical reactions occurring in vivo. 

The important factors to consider in these reactions are the 
possible influences of molecular orientation, and the surface or 
capillary forces, of which molecular orientation is one, but not the 
only manifestation, both on the reaction velocity and on the con- 
ditions of equilibrium. If we regard the speed of a reaction as 
being determined both by the collision number and by either the 
energetics of the mutual approach of the reactants, or by the con- 
figurations of reactants and transition complex respectively, it is 
evident that reactants in surfaces difier from those in bulk phase ; 
in the latter case control can only be exercised over the collision 
number and temiierature, in the former it is frequently possible 
to regulate at least in some measure the factors bound up in con- 
figuration. 

One of the simplest oases to consider is to be found in the oxida- 
tion of the double bond in unsaturated long-chain acids by dilute 
potassium permanganate. In bulk phase this oxidation proceeds 
smoothly through a series of stages — ^we can confine ourselves to 
the initial one of forming the dihydroxy saturated acid. In a 
monolayer of an unsaturated acid it is evident that we can control 
the acoessibility of the double bond to the substrate by simple 
expansion or compression of the film. In Table I are given the 
oxidation rates of monolayers of oleic and petroselenic acids, two 
typical unsaturated acids, as a function of the film density. 
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TABLE I 



lute of oxidAtion 

ft tnoldcules/sq. cm. 

X lO-** 

k In min. " ‘ 


Oleic. 

Petroeeleiiic. 

1 

0 18 

0*2 

1*6 

017 

0-2 

2 

008 

0-2 

2*6 

004 

018 

3 

002 

013 

3*5 

very Hiriall 

0025 

I 


It will be seen that there is a remarkable diminution in the 
reaction velocities when the films are compressed to the stage at 
which we can infer from measurements of the film properties that 
the double bonds are being raised from the surface and buried in 
the oil phase of the film. In considering a hydrocarbon chain 
having a double bond in the middle we note if we construct the 
models that the so-called cis form causes a bend in the chain whilst 
the linear character is preserved in the trans form. This leads 
further to the view that whilst the trans form can pack closely with 
its neighbours, and indeed as found experimentally form mixed 
films with saturated chains, this is impossible for the cis form along 
its length, and in consequence the cis acids form more expanded 
films and are more accessible to reaction under similar conditions 
of temperature and pressure. 

The difference in behaviour and in chemical reactivities between 
the cis and trans modifications when these are present in the chain 
is thus revealed in films, but not in the bulk phase. It is interesting 
to note the great differences in properties of monolayers containing 
both protein and triolein or tripalmitin respectively. At the 
same time, differences in chemical reactivities between cis and trans 
modifications in the reactive head groups are revealed when we 
examine these in monolayers. Thus whilst it is not surprising that 
both the film properties and reactivities with dilute bromine water 
of dicetyl maleate and dicetyl fumarate are different, yet similar 
differences are found in the esters. In non-polar solvents the strong 
interaction between the polar groups prevents free rotation about 
the C — 0 bond and the normal configuration is the trans form (A) 

O 

(A) C R (B) 

/ \ / 

R 0 


C 
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whereas in aqueous substrates we may find the cis form (B) present 
as well. 

The configuration obtaining in the film is dei)endent on the 
constitution of the ester and the film pressure. The following 
areas (A*) and configurations have been obtained for a series of 
esters in the form of monolayers on .AT.NaOH together with the 
unimolecular velocity constants {k) for hydrolysis at 20° C. as well 
as the value of the vertical component of the apparent dipole in 
the head group expressed in milli-Debyes (ju). 



+7 


CHz 


CHt 


O 


+/ 

"P 


Fio. 1. 

fiolM. ^ mllll-Debyes 

A > 72 A* 

K =» 0’04 


Fio. 2. 

Mobs. tnilli'Dobyeg 

A - 20 A* 

K -- 0 005 uan.-“> 


O 

Fio. 3. 

Mobs. 502 inUU-Dobyet 
Mcuk. “ 525 ». 

A - 23 A* 

K 015 mln.“* 



Fio. 4. Fio. 6 . Fio. 6 . 


M«bi. 0 mlUi-Debyei 
M«Mc. •• 7 „ 

A - 41 A« 
K3S^0*iatiiia.~> 


500 milU-Debyw 
MoRle. - 525 „ 

A-e5A» 

X «i 0 084 into.-* 


Moba. *** 534 mllU^Debyet 
M«ic. - 320 
A » 21 A* 

K - (Httl wJa."** 
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NoiB. In order to show the orientation with respect to the water 
surface, the latter is indicated by the dotted horizontal line, which, 
however, must not be taken as the true depth of immersion. 

We note the hydrolysis velocity constants differ very consider- 
ably from ester to ester. If wo examine the kinetics of these 
reactions as a function of the compression and state of the film we 
find that at high compressions and in the condensed states the 
energy of activation is the same for all the esters, viz. ca. 17,600 
oals./gm. mol., but in the expanded state the apparent energies of 

- B 

activation as well as the steric factor p in the expression k = pZe 
varies with the ester and with the compression as is shown in the 
following data for trilaurin on .A/^.NaOH. In this equation, the 
well-known expression for the velocity constant (A) of a reaction, 

— K 

k = pZe HT, p ig the steric factor, Z the collision number or 
kT 

— in Eyring’s modification of the reaction mechanism and E the 
h 

energy of activation. 


F 

dynes/cra. 

k 

X 10* Bee.—* 

I 1 

I ^ 

1 calB./gtn. mol. 

1 


P 

6-4 

()-746 

10,000 

M 

10~« 

10-8 

1 0-787 

13,200 

31 

10-“* 

10-2 

1 0-671 

16,100 

4-1 

10~» 


The data indicate that at high pressures and in condensed films 
the reaction velocity observed is that determined by a purely kinetic 
collision mechanism, but it is clear that at low pressures and in the 
expanded state the apparent activation energy is reduced from some 
17,600 cals./gm. mol to the value which it has in bulk phase so that 
a change in mechanism takes place on compression of the film. No 
such changes in energy are observed in the hydrolysis of a sym- 
metric structure such as a lactone in a monolayer. Although the 
evidence is not so conclusive as is the case with the esters, we have 
reason to believe that the acid head group can likewise exist in both 
the cis and trans configurations in monolayers. These two types 
are clearly differentiated by possessing very different values for their 
phase boundary potentials. We thus note that in these relatively 
simple reactions, limitations can be imposed on both the sterio 
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and energetic factor by controlled alteration in the molecular 
orientation of one of the reactants. This is likewise the case where 
we are dealing with the formation of and the reactions of polymeric 
or macromoleoular substances. Numerous t 3 rpes of linear macro- 
molecules, both synthetic such as the w-hydroxy esters, methyl 
methacrylate, or natural such as cellulose, rubber, proteins, can 
by suitable methods be extended into monolayers at interfaces. 
Molecules in this extended or fiat position are said to be in the 
homalic state. Homalic monolayers are the precursors of mem- 
branes, and as such are of peculiar interest to biologists. The 
kinetics of the formation of linear macromoleoules may be examined 
both in bulk phase and in monolayers. We can recognise several 
very different types. To mention but two important cases : in 
the first we have a reaction involving three distinct stages, (a) 
initiation, (b) propagation, (c) termination. In the second we have 
an interaction to form a complex AB which can then associate to 
form the macromolecule (AB)„ containing n simple complexes linked 
together. This second reaction may likewise be regarded as one 
in which a reactant B forms bridges between two reactive groups 
in the A molecules. In both cases, as we should anticipate, the 
steric or p terms are very small. An example of the first type is 
found in the polymerisation of butadiene or methyl methacrylate 
to form a synthetic macromocule. The growth of the polymer 
at a water surface in the presence of the vapour of the reactant 
proceeds until the surface is covered with polymer. It is found 
that the steric or p term for the interface reaction is much larger 
than for the bulk phase reaction, although the energy of activ- 
ation for initiation due to the formation of a labile peroxide 
is identical. As a result the rate of polymerisation at interfaces 
is much greater than for identical activities of reactants in bulk 
phase. 

As examples of the second type, we may mention the bridging 
over by means of oxygen of the unsaturated linkages in esters 
comprising the drjring oils or the interaction of sodium polysulphide 
with dihalogen derivatives of the hydrocarbons to form the poly- 
meric thiokols. In both oases the reaction kinetics are so com- 
plicated that it would appear to be almost a hopeless task to attempt 
an elucidation in bulk phase. At an interface, however, it has been 
found possible to dissect these reactions into their components, 
and an exact analysis of the process of (hying of an oil has been 
made. 

It was found that there was first formed a labile peroxide in- 
volving an energy of activation of 6,000 oals./gm. mol., the velocity 
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of formation of which could be calculated from simple kineMo 
collision considerations involving a p term of unity. This unstable 
peroxide could then polymerise to form a raacromolecule involving 
some ten units of the original unsaturated glyceride, or could be 
converted into a more stable peroxide which only underwent chain 
“ propagation ” when a much higher energy of activation (ca. 20,000 
in comparison with 6000 cals./gm. mol.) was involved. By con- 
fining the growth of these macromolecules to two dimensions instead 
of three, the mechanism of initiation inhibitors and accelerators, 
as well as various tyj)es of chain breaking and chain linking mole- 
cules can be examined in detail. We may cite the inhibitory 
efficiencies of a series of esters in the polymerisation of the peroxide 
of the maleic anhydride of /J-elseosterin. Ethyl myristate, on 
account of its saturated character, is a complete inhibitor or chain 
blocker (I = 100} whilst the unsaturated esters possess a finite 
probability of being incorporated in the growing chain. The data 
obtained were : 


Ester. 

Inhibitory Efficiency. 

Ethyl myriatate 

, 100 

Methyl linoleate 

. 40 

Ethyl linoleate 

29 

Methyl jS-elaioatearate 

. 24 


So far no attempts to sjmtbesise macromolecules or polymers 
of the amino acids in monolayers have been successful, but it can 
be noted that ring closure, one of the most serious limitations to 
the formation of macromolecules in bulk phase, is practically 
eliminated at interfaces. On the other hand, it has been found 
possible to spread a number of native proteins and examine their 
behaviour and reactivities. Whilst proteins may form films by 
allowing dilute solutions to staud, they may be spread on suit- 
able substrates, either from the carefully desiccated solid, or 
from extremely dilute solutions. The rate of spreading to imi- 
form monolayers is dependent upon the pH and presence of suit- 
able salts in the substrate. Thus casein spreads with extreme 
slowness on buffers at the isoelectric point, and myosin, the 
muscle protein, will not spread on water unless more than 1*8 
per cent, of sodium chloride be present, but will spread with the 
greatest facility on substrates containing lactic or other hydroxy 
acids. 

The following suggestive table was obtained by Qorter for the 
concentration of ions promoting the spreading of proteins on water, 
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and the concentration of iona in the body fluids, i.e. in serum water 
and muscle water. 


Ion. 

MUIe e({uiv. /litre. 

Mille equiv. /litre 
Bhowlng Equal 




In 8ennn Wnt«r. 

In MuM!)e Water. 

SpreaUiug KlTecta. 

Na . . . . 

1540 

48-0 

lOO'O 

K . . . . I 

5-3 

112-5 

80-0 

Ca . . . . 

51 

5-2 

4-0 

Mg , 

2-8 

23 9 

4-0 

Glutathione 

nil 

1 

1 


In view of the importance of the structure on chemical reactivity 
it is worth while considering some points in connection with the 
possible structure of such monolayers. 

We may regard the fundamental protein unit as consisting of 
a polypeptide chain 


R R' 

— CO— NH— CH— CO— NH— CH- 


the side chains terminating either in polar or non-polar groups. 
The properties of the films in their greatest extension suggest that 
the chains are lying on the surface with the side chains extended 
on the surface, at least those side chains which terminate mth non- 
polar groups. In this state the films are liquids. The pressure 
limits of these continuous but extended monolayers are extremely 
low, and for this reason their existence has often been overlooked. 
On sUght increase in pressure, a contraction in area takes place 
and the films become gelatinous, but are still compressible. This 
sol-gel transition is not readily reversible. It seems most probable 
that the backbones of the chains spread in the a-keratin or non- 
extended form are now in close proximity to one another and that 
the side chains are orientated vertically, those with polar termina- 
tions in the liquid and the hydrocarbon side chains forming a 
hydrophobic layer above. The lateral cohesion between the units 
is brought about chiefly by interaction of the polar reactive ends 

R 

of side groups, but also between any free — CO — NH — CH — units 
in separate protein macromoleoules or between similar units in one 
chain which has undergone a folding process. 
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The nature of the ketoimido interlinkage is not known. It may 
be a hydrogen bond of the type 

— CO— NH— CHR 



or more likely an ammonium linkage, 

— C NH 

— O — O 

— NH— C 

It is uncertain whether these gel monolayers are really macro- 
molecules or highly viscous liquids in the sense that the salt and 
ketoimido interlinkages are capable of being made and broken 
reversibly under strain, but some evidence suggests that this is the 
case. On further compression the protein may be removed from 
the surface in the form of filaments which are not redispersible in 
solution. We note that these filaments must consist of bundles 
of polypeptide chains with parallel chain axes in the folded a-keratin 
form, the polar groups turned in to the fibril axis, and the non- 
polar groups turned out to the periphery of the fibre, for they are 
hydrophobic units and non-dispersible by salts. We may observe 
that these fibrils are the reverse of native fibrillar and dispersible 
proteins, since on solution we might anticipate that the non-polar 
side chains of the maoromolecules forming the native proteins would 
be turned in, and the polar side chains turned out to the periphery. 
We may regard these protein films as a prototype of either oyclols 
or plates consisting of duplex protein monolayers, the layer between 
the two sheets of chains consisting of the non-polar side chains, as 
the limit of the denatured form of native proteins. Denaturation, 
according to this view, is due to a rotation of parts of the macro- 
molecules about their long axes, taking some polar side chains from 
the periphery to the interior and some non-polar side chains from 
the interior to the periphery. Clearly alkaline and acid denatura- 
tion will cause the emergence of side chains terminating in different 
polar groups. An essential for this denaturation by rotation is the 
temporary breakage, at least of the salt and any of the ketoimido 
linkages which hold the macromolecules together laterally in the 
fibril or sheet. Such breakage can be accomplished thermally, by 
saturation of the solution with substances having an affinity for 
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the — CO — NH — CH — group, such as urea, or by the addition of 
materials which exert a peptising action by penetration — a point 
we shall refer to later. The breakage is evidently most easily 
effected when the salt linkages on the exterior surface of the spheroid 
or plate are likewise broken, i.e. when the protein is outside the 
Svedberg stability limits, i.e. those hydrogen ion concentrations 
within which the protein behaves as a stable unit. 

We note that the gel structure is very compressible, suggesting 
that a process of reversible or partly reversible dehydration must 
be taking place. Clearly the raacromolecular chains cannot be so 

R 

orientated that every — CO — NH — CH — group is interlocked with 
two neighbours and many chains must be folded and even crossing one 

R 

another. Again the cross-section of an extended — CO — ^NH — CH — 
group is only some 16A*, thus only if every side chain were altern- 
ately polar and non-polar could even extension, and thus maximum 
close packing, result. It therefore follows that those proteins in 
which the chaiixs contain a number of non-polar or of polar groups 
in sequence must have a different compressibility from those pro- 
teins which have a regular alternating arrangement. 

Although the chemical properties of protein monolayers have 
not been extensively examined, the available evidence supports the 
suggested structure. Thus protein monolayers are readily attacked 
by proteoclastic ferments, the temperature coefficients and pH 
optima for reaction being identical with the bulk phase reactions. 
It is possible to form complexes between the amino groups of the 
side chains and phenolic derivatives such as gallic acid. If a number 
of galloyl groups are joined together by means of a sugar ring, we 
can anchor a number of the amino groups to one taimin molecule 
and convert the elastic gelatinous monolayer into a rigid non-elastic 
skin. The amino groups can be linked together in a similar manner 
by means of polysilicic acid formed in the substrate by the hydro- 
lysis of sodium silicate. 

The implications and consequences of molecular orientation 
existing in monolayers are no less profound in photochemical reac- 
tions than in the chemical processes outlined above. It is found 
that the light absorption in the monolayer defined as the molecular 
extinction coefficient in the monolayer is equal to 3/2 sin* B times 
the bulk coefficient, where B is the angle between the dipole axis 
of the absorbing system and the direction of the incident light, And 
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is naturally capable of variation on compression or extension of 
the film. In the following table are given the apparent quantum 
efficiencies of the photochemical hydrolysis of stearic anilide in a 
monolayer on aqueous hydrogen chloride as substrate, and their 
variation with the molecular areas. 


Apparent Quantum Efficiency. 
0-6 
04 
0-2 
016 
010 
0*04 
0 . 


Molecular Area in A*. 

27 - 6 
28 

28 - 5 

30 

31 

32 

33 


In the case of proteins the aromatic side chains tyrosine, pheny- 
lalanine, tryptophane and histidine are the only important groups 
where there is appreciable light absorption at A>2400 A., in this 
region the molecular extinction coefficient being of the order of 
10® to 10^. These groups are consequently chromophoric portions 
in the extended molecule and it is reasonable to suppose that on 
illumination the peptide linkages are split only at those portions 
where the chromophoric groups exist. By examination of the 
change in phase boundary potential on illumination of monolayers 
of egg albumin with light of wave length A = 2664, it is concluded 
that some 8-2 per cent, of the total number of CO — NH groups in 
the monolayer are split by hydrolysis. This is indeed very close 
to the numerical proportion of aromatic amino acid residues (7 per 
cent.) present in this protein. The quantum efficiency of this 
process of photochemical protein hydrolysis is likewise capable of 
variation with the compression of the film. It is interesting to 
note that in the process of fragmentation of the proteins into shorter 
chain proteoses by this selective induced hydrolysis photochemical 
oxidation changes occur as well, and it has been shown that the 
glycyl tyrosin fraction is eventually converted into a melanin-like 
pigment. We thus observe that a whole series of oxidative and 
hydrolytic changes including an indol ring closure can be brought 
about by suitable radiation as weD as by the well-known enz 3 maitio 
processes. 

In the above case we are dealing with the excitation of ohromo- 
phors which are part of the natural structure of the proteins. It 
is possible to incorporate alien chromophors into the protein and 
bring about similar photochemical actions by means of these new 
chromophors. We shall have occasion to discuss the mechanism of 
the process of incorporation in more detail later, but for the present 
we observe, for example, that the injection of a small quantity of 
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hffimatoporphyrin under a protein monolayer will sensitise the mono- 
layer to reaction in visible light in the absorption region of the 
hsematoporphyiin. The attachment of the hsematoporphyrin to the 
protein monolayer occurs in all probability as in gallic acid by inter- 
action of its hydroxyl group with the amine and ionised carboxyl 
groups of the protein. This observation is confirmed by the fact 
that many phenol ring and secondary alcohol-containing compounds, 
including such substances as cholesterol and the various oestrogenic 
substances, such as the pinacols and 4 : 4'-dihydroxy8tilbenes all 
readily form complexes with proteins. It is found that the stability 
of the protein, phenol, or alcohol complex is largely determined 
by the structure of the ring system of the alcohol. Each complex 
naturally possesses its own characteristic absorption spectrum, not 
markedly different from that of the free alcohol. We thus have 
a simple method of sensitising proteins to radiation in the visible 
portion of the spectrum by means of hasmatoporphyrin, and in the 
near ultra-violet region by phenolic and secondary alcoholic groups 
attached to suitably large ring systems. It is found, for example, 
that a variety of complex phenolic compounds are readily adsorbed 
by the proteins in the cell walls of paramoecia, which are then 
sensitised to radiation in the near ultraviolet and rapidly destroyed. 

It is also worthy of note that lenses or crystals of many hydro- 
carbons, including the carcinogenic ones, on a water surface or in 
benzene solution, on irradiation within the limits of their ultra- 
violet absorption spectrum, undergo chemical action, probably 
oxidative fission of part of the ring system, the resulting oxy- 
compounds spread rapidly and are in part water soluble. Injection 
of the soluble portion under a protein monolayer reveals the fact 
that some portion reacts with the protein, giving changes similar 
to those of the complex aromatic phenols, and the complexes 
are photosensitive. Thus the irradiation of 4 mgm. of the carcino- 
genic hydrocarbon benzpyrene for one and a half hours with radia- 
tion of /I = 2654 at a rate of 10^* quanta per second, and extraction 
of the irradiated product with water, resulted, on injection of the 
aqueous solution under a protein monolayer, of a change in phase 
boundary potential of 60 m.v. of the same order as that produced 
by somewhat stronger solutions of the 4 ; 4'-dihydroxyBtilbene. 
These observations suggest the following series of reactions in the 
photodynamic action of the carcinogenic hydrocarbons : 

(1) Photochemical ring fission and oxidation to a secondary 

alcohol group of the hydrocarbon. 

(2) Complex formation of the oxidised product with the amino 

or ionised carboxy group of the protein. 
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(3) Photochemical hydrolysis and oxidation at those portions 
of the protein to which the chromophor is attached. 

The photochemical efl&ciences of (1) and (3) require detailed 
examination as well as the stability of the complex (2) as determined 
by the structure of the original hydrocarbon. 

This process of incorporation of alien chromophors in the macro- 
molecular (homalic) protein monolayers is only one example of a 
reaction which is very common in orientated monolayers. Thus, 
if dilute solutions of various reactants be introduced beneath a 
monolayer, a primary reaction may occur as detected by a change 
in the phase boundary potential. This primary action is charac- 
terised by adsorption beneath the monolayer by means of an 
electrical interaction between the accessible reactive groups of 
the film forming material and the reactive groups of the material 
injected. If the material injected contains several reactive groups, 
these may link up with several molecules of the surface film forming 
complexes with multi-point contact ; examples of such are the 
tannins, silicic acid or the dye Janus green underneath films of 
amines or of proteins or of the pol 3 rmerio phosphoric acid under 
a film of stearic acid in the presence of calcium ions, when a rigid 
network of a calcium stearate phosphate is formed. Little is known 
about the kinetics of such reactions, but it may be observed that 
the apparent rate of reaction of pentadigallyl glucose with a protein 
monolayer is much greater than for the more rapidly diffusing and 
presumably per group equally reactive digallic acid. Such macro- 
molecular adsorbed complexes, when formed on the surfaces of 
biological cells, cause agglutination and sensitisation, but do not 
effect lysis. 

In suitable systems this primary interaction is followed by a 
secondary reaction which we have termed film penetration. If, for 
instance, under a monolayer of orientated molecules, consisting of 
a large hydrophobic protein or “ tail,” and a polar group or “ head ” 
similar molecules be injected into the underlying solution, the 
following alteration in the surface potential and pressures (at con- 
stant area or with suitable precautions and modifications of tech- 
nique, the areas at constant pressures can be measured) of the film 
forming molecules may take place. 

(1) If there is no association between the polar groups of the 

film and injected molecules, no or only a small altera- 
tion in the film characteristics is noticed, even if the 
“ tails ” are mutually soluble. 

(2) If there be association between the polar groups, but none 

between the “ tails ” or hydrophobic groups, then an 
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adsorption of the injected molecules on to the film mole* 
cules takes place with a consequent change in surface 
potential. The surface pressure only changes if multi- 
point contact takes place which results in a contraction 
(or more rarely a slight expansion) of the film. 

(3) If there be association between the respective head groups 
and the “ tails,” then each polar group of the film forming 
molecule anchors a polar group of the injected molecule. 
The hydrophobic portion of the injected molecule associates 
with the hydrophobic group of the film-forming molecule 
and thus penetration of the monolayer takes place. The 
number of molecules in the monolayers is thus suddenly 
doubled and the surface pressure (or area) consequently 
rises sharply wliilst the surface potential rises or falls to 
the value obtained with a film composed of an equimole- 
cular mixture of the two substances. 

Either simple or complex molecules may be involved in these 
reactions. Thus an extremely dilute solution of sodium cetyl 
sulphate injected beneath monolayers of substances such as the 
primary cetyl alcohol or the biologically important cholesterol or 
sphingomyelin cause a rapid extension of the film due to the pene- 
tration of the sodium cetyl sulphate to form an equimolecular mixed 
film. Information as to the extent of the interaction between the 
head groups can be obtained from measurements of the phase 
boundary potential, whilst the viscosity of the resulting liquid (or 
rigidity if solid) film provides us with information concerning both 
the lateral adhesion of the hydrophobic chains or ring system and 
the mechanical interaction of the head groups. 

It is clear that these complex forming and penetrative reactions 
which are revealed by the film technique open up a new chapter 
of reaction systems and from consideration of the few which have 
been studied their similarity to biological processes seems most 
striking. 



RECENT WORK ON THE DIGESTION OF 
CELLULOSE AND CHITIN BY INVERTE- 
BRATES 


By C. M. YONGE, D.Sc. 
pTofetior of Zoology in Uio Vnivernty of BritM 

1 . Introduction 

In a previous volume of Science Progress (Yonge, 1926) a r6sum6 
was given of literature on digestion of cellulose by invertebrates. 
The addition of a significant volume of work on this interesting 
subject during the years which have since elapsed justifies the 
production of a revised and extended review. To this haa been 
added an account of work on the digestion of chitin by invertebrates. 
Although only the results of recent work are here discussed a full 
list of references is given. 

It is necessary first to state that attention is restricted to work 
on true cellulases not, therefore, including lichenase which breaks 
down the hemicellulose, lichenin, a substance which is not structur- 
ally identical with cellulose (see Haas and Hill (1928)) and is 
hydrolysed by enzymatic action to lichotriose instead of to oellobiose 
(Karrer and Lier (1925)). Karrer and his oo-workers (see Vonk 
(1937) for full literature list and general summary of this work) 
consider that the cellulase and the hemioellulase (lichenase) present 
in the gut of the snail. Helix, are identical, but Ullmann (1932) is 
definitely of the opinion that these are separate enzymes. The 
latter found lichenase in a wide variety of invertebrates thereby 
confirming the earlier work of Jewell and Lewis (1918) who found 
it in Porifera, Annelida, Echinodermata, MoUusoa, Arthropoda and 
even in Ascidians though not in any vertebrate. Ullmann con- 
cludes that the principal sources of carbohydrate supply in the 
invertebrates are soluble sugars and the so-called hemiceOuloses, 
the utilisation of cellulose being confined to animals which possess 
a cellulase. It is to those animals that attention will here be 
confined. 


03s 
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2. Digestion op Cellulose 

It was pointed out in the previous article that cellulase is con- 
fined to the Protozoa, Mollusca and Arthropoda. Subsequent work 
has not extended this list. 


(tt) Protozoa 

Rhizopoda . — The work of Lloyd (1926) on VampyreUa laleritia 
which feeds exclusively on the slender Spirogyra Weberi, longata 
extends previous work by Cienkowski (1865) on other species of 
this genus and on Colpodella pugnax. V. laleritia flattens out on 
a filament of Spirogyra, anchoring pseudopodia extending from the 
margin of the body. There is then a local application of extruded 
cellulase which, by digestion of the cell wall, forms an oval opening 
through which the animal sucks out, with great rapidity, the con- 
tents of the plant cell. Lloyd states that, as there is a protein as 
well as a cellulose membrane to be penetrated, a protease must 
also be extruded. Stump (1936) has observed LeAqtierenaia spiralis, 
Pontigulasia vaa, P. conatricta and Difflugia loboatoma feeding on 
filamentous green algas in a manner similar to VampyreUa, but by 
these the plant cell is entered finally through tearing or ripping the 
cell wall after some initial softening possibly by extruded cellulase. 
The observations of Rhumbler (1898) and of Stoic (1900) on cellu- 
lose digestion in Amoeba verrveosa and Pelomyza paluatria respectively 
have not been disproved. 

FlageUata. — Cleveland (1925, 1928) extended his previous work 
(see Cleveland (1924, and earlier work there quoted)) on the nutrition 
of wood-boring termites by describing the ingestion of wood frag- 
ments by Trichonympha campanula, one of the flagellates found 
commensal within the gut of such termites. The presence of wood 
fragments in another such species, Proboacididla multinuckata, has 
been shown by Kofoid and Swezy (1926) and the mode of ingestion 
described by Swezy (1923). Trager (1932) has demonstrated the 
presence of cellulase in extracts made of the hind-gut of the wood- 
eating roach, Cryplocercuspunctvlatua, which contains great numbers 
of flagellates in this region. Experiments indicated that the 
enzyme had its origin in the flagellates. He also got positive results 
for cellulase vrith extracts of a culture of Trichomonas termopsidis, 
an intestinal flagellate frx)m the termite, Termopsis anguoticollis, as 
well as ftom extracts of the gut of this termite and from those 
obtained from another wood-eating termite, ReUculiiermes flavipes. 
Sufficient extract was obtained from the roach for certain of the 
properties of the enzyme to be determined, including the fact that 
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cellulose and also oellobiose are broken down to glucose, indicating 
that two enzymes may actually be present. Further consideration 
of the results of this work and that of Cleveland will be given in 
the section dealing with Insecta. 

Ciliophora. — The Ophryosolecid®, a family of Oligotricha found 
in the gut of various herbivorous mammals — ruminants, some 
rodents and anthropoids — are capable, according to various authors 
(see Sandon (1932) for details), of digesting cellulose. On the other 
hand Becker, Schulz and Emerson (1930), while admitting that 
cellulose may be ingested, doubt whether it is digested. Margolin 
(1030) again was able to culture three genera of this family, Diph- 
dinium, Entodinium and Jsotricha, on pure cellulose but only after 
this has been previously hydrolysed by bacteria. 

(6) MoUuaca 

Oastropoda. — Pterocera croccUa and Strombtts gigaa, the one an 
Indo-Facifio species and the other from the Atlantic and both 
belonging to the family Stromhidee, are the only Prosobranoh 
Oastropoda as yet shown to possess a true oellulase (Yonge, 1932). 
These animals are inhabitants of shallow water in tropical seas and 
feed by cropping fine algse with the jaws. The small, nntritur* 
ated, pieces of weed which are swallowed are broken down in the 
crop and stomach by a very powerful oellulase which attacks pure 
cellulose (filter paper) converting it into glucose. The optimum 
reaction in Pterocera, is at pH 5-85. It should also be noted that, 
according to Oshima (1931), Haliotie possesses enzymes capable 
of digesting agar (also alginio acid) contained in the brown algss 
on which this animal feeds. 

Enriques (1902) originally stated that the herbivorous Opistho- 
branch, AplysUi, possesses a oellulase. Experiments recently carried 
out in this department by Mr. H. H. Howells have entirely failed to 
confirm this. 

.Amongst the Pulmonata oellulase is probably widespread, more 
so than in any other group in the animal kingdom. The early 
work of Biedermann and Moritz (1898) Selli^ (1906-10), Bierry 
and Giaja (1908, 1912), Bierry (1914), Alexandrowioz (1913) and 
Billiard (1914), ail on Helix, was described in the previous article. 
Karrer and co-workers have since made exhaustive studies of the 
oellulase and hemicellulase contained in the digestive fluid of Helix. 
They found that for action on cellulose [Karrer and Kling (1926), 
Ejurrer, Schubert and Wehrli (1926), Karrer and Schubert (1926), 
Schubert (1927), Karrer and Sohul^rt (1927), Faust, Karrer and 
Schubert (1927)], cotton powder, cotton wool, filter paper and 
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various types of artificial silk being used as substrates, the digestive 
juices had to be undiluted or even concentrated. This is probably 
owing to the limited surface exposed to enzyme action. The 
j^roperties of the enzyme were also studied, in particular its thermal 
liability, the kinetics of its action on native cellulose and various 
kinds of artificial silk, and its purification by adsorption (on an 
electropositive adsorbant) and dialysis. 

More recently Tribby and Carmichael (1935) have identified 
and studied a cellulase in the slug, lArnax flavus. They used as a 
substrate filter paper dissolved in zinc chloride and then precipitated 
in distilled water, this, after washing, being eventually collected 
by centrifuging ; they also used filings from the endosperm of date 
seeds. They obtained positive reactions for cellulase in the gut 
fluid and also in extracts of the digestive diverticula liver 
but not from extracts of the stomach or intestine. The pH optimum 
was about 5‘0. Mr. E. T. Embrey, working in this department, 
has also identified a cellulase in the fluid from the crop and stomach 
of Arion aier, filter paper being employed as the substrate and the 
optimum pH being about 6 0. This agreed well with the pH of 
the crop which was found to be 6*05. 

Larnellibranchia. — Cellulase is here confined to the wood-boring 
Teredinidaa (Teredo and Bankia (Xylotrya) but not the less special- 
ised Xylophaga), The earlier work of Sigerfoos (1908) and Potts 
(1923) on the ingestion and intracellular digestion of wood particles 
in tubules of the digestive diverticula specialised for this purpose 
has been confined and extended by Lazier (1924) and Yonge (1926), 
the former in a detailed study of the morphology of the alimentary 
canal of Teredo navalis. In the same way the investigations of 
Harington (1921) and Dore and Miller (1923) on the cellulase 
formed within these tubules in T, navalis have been amplified by 
further work on Bankia aetacea by Miller and Boynton (1926) and 
Boynton and Miller (1927). They extracted the anterior end of 
the digestive tract and were able to prove the enzymatic production 
of glucose from both sawdust and filter paper. There is no cellulase 
in the crystalline style. Roch (1932) has shown that T, navalis 
can live in wood for a year in the absence of plankton in the sur- 
rounding water, but that the presence of abundant plankton does 
not extend the life of animals removed from their burrows in wood. 
He concludes that feeding on wood serves not only as a source of 
the energy required in the act of boring but also is essential for 
the maintenance and growth of the body. 
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(c) Arihropoda 

Crustacea. — It appears more than probable that the cellulase 
reported in various Decapoda, notably in Astacus [Biodermann and 
Moritz (1898), Bierry and Giaja (1912)], details of which were given 
in the previous article, is actually a hemioellulase. This was indi- 
cated by the nature of the substrates — reserve cellulose from the 
endosperm of seeds, mannane and mannogalactanes — employed by 
these workers, and is confirmed by the more recent work of Jewell 
and Lewis (1918) who found lichenase in Hemigrapsus nvdus and 
Cancer productus (crabs), Camharrui virilis (crayfish), Upogebia sp. 
(burrowing Decapod), and Pandalus sp. (prawn), and of Ullmann 
(1932) who identified a similar enzyme in Even 

in the wood boring Limruma lignorum (Isopod) and Chelura terebrans 
(Amphipod) cellulase is absent (Yonge, 1927). 

Insecta. — In the previous article it was stated that “ no trace 
of a cellulase has been found in the Insecta (apart from that supplied 
by the Protozoan symbionts of the Termites ”). That statement no 
longer stands, cellulase having been identified without doubt in 
a variety of Insecta. Biedermann (1919) identified this enzyme 
in a variety of locusts of the family Aoridiidee, Bdlehridek (1922) 
in the salivary secretion of the stick insect, Dixippus morosus, and 
Bering (1926) in the larvss of CemiosUma (Lepidoptera). Smith 
(1926) in a study of the feeding methods of various Hemiptera 
found that jjenetration of the stylets was probably exclusively 
mechanical in Eupteryx auratus and Zygina pcMidifrons (Typhlocy- 
bidee), Asterochilon vaporariorum (Aleyrodidse) and Myzua peraicae, 
M. circumflexus and Macrosiphum aolanifolii (Aphididae). On the 
other hand in Caheoris bipunctatus and Lygus pabulinus (Capsidse) 
{ilant tissues are penetrated mechanically by the stylets but this 
is “ almost certainly assisted by the dissolring effect upon the cell 
walls of the accompanying salivary secretions.” Further, in Aspi- 
diotus Jiederce and Daclyhpius longispinua (Cocoidee) the saliva is 
capable of dissolving cellulose, most markedly in the latter species 
which by this means penetrates the large xylem vessels with ease. 

Falck (1930) working on the larvas of the wood-boring beetle, 
Hylotrupes bajulus, showed that in the excreta the percentage of 
cellulose was 12'3 per cent, lower than in the pine wood on which 
these animals feed. Ripper (1930) tested the stomach contents 
of a variety of wood-boring insect larvae for cellulatse and also com- 
pared the cellulose content of the faeces with that of the original 
wood. He found no indication of cellulose digestion in Cosswi 
C088US, DorcUfS paraUelopipedus and Oamoderma eremita, but clear 
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indications of this in Cerambyx cerdo and its probable occurrence 
in Xestobium rufovillosum. Later Mansour and Mansour-Bek (1933, 
1934a), working on the larvae of two oerambicid beetles, Macrotoma 
palmaUi and Xystrocera globosa, were able to reconcile these differ- 
ences by showing that wood-feeding insects may be divided into 
two groups. There are those, exemplified by Xystrocera ghbosa, 
which do not possess a collulase but derive carbohydrates from the 
soluble sugars and starch in the wood and so are confined to the 
sap-wood, and also those, such as Macrotoma pahnata, which possess 
ceUulase and so ijenetrato into the heart-wood of trees in which 
the simpler carbohydrates are largely absent. The latter species 
possesses, in correlation with this habit, a powerful proventriculus 
for crushing wood fragments ; this organ is absent in Xystrocera} 

The very interesting condition associated with feeding on wood 
in the larvae of certain lamellicorn beetles, Potosia cuprea, Oryciea 
rmsicomiSi Osmoderma eremiia and Cetonia marmorata., has been 
studied by Werner (1926) and Wiedemann (1930). These animals 
live in rotting wood and the hind-gut is dilated, forming a large 
proctodaeal pouch. There is an abundant intestinal population of 
both bacteria and flagellates notably in the anterior region of the 
pouch. The former digest the wood particles taken in and the 
flagellates, which are unable to do this, digest the bacteria. The 
medium in the mid-gut and anterior region of the proctodaeal pouch 
is alkaline (due to secretion by the animal), in the hinder region 
of the pouch acid owing to the action of the bacteria. The proteose 
secreted in the mid-gut is only active in acid media and consequently 
does not affect the micro-organisms until it reaches the posterior 
regions of the gut where these are reduced in number. It appears 
to be well established, therefore, that these insects feed on flagellates 
and bacteria, the latter only having digested wood. 

In the opinion of Mansour and Mansour-Bek (1934a and 6), a 
similar explanation is applicable to the wood-boring termites. They 
think this more probable than Cleveland’s statement that the 
flagellates (shown to ingest and digest wood as ah^eady reported in 
this paper) pass on a part of the products of cellulose digestion to 
the termite. Further, they point to certain experiments of Cleve- 
land which indicate that some termites may live longer than others 
in the absence of their intestinal flagellates and they suggest that 
wood-eating termites may also be found to be divided into two 

^ More recently Mansour and Mansour-Bek (1937) have demonstrated 
the presence of cellulose in the gut of the larv® of the wood-boring beetle, 
Sfy'vmaUum /tdtnm. True cellulose, lichenin and hgnocollulose were all 
attacked, the respective pH optima being at 5*6, 5*6 and 5*5. 
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groups, those without cellulase which feed on the contained flagellates 
and those with cellulase which feed directly on wood. Holdaway 
(1938) has shown that the termite which causes the greatest damage 
to timber in Australia is free from flagellates and it may therefore 
be assumed to possess a cellulase. 

The work of Buchner (1930) and his school on the significance 
of the symbiotic micro-organisms of various kinds — ^bacteria, yeasts 
and protozoa — in and around the gut of wood-eating insects is 
critically examined by Mansour and Mansour-Bek (19346). They 
point, with justice, to the lack of experimental evidence for the 
conclusion of Buchner that these organisms are concerned with the 
digestion of wood, and are unable to agree with this. 

We are left, therefore, with the general conclusion that certain 
highly specialised wood-eating insects are able to digest cellulose, 
others harbour micro-organisms which feed, directly or indirectly 
on wood, and others again, which live only in sap-wood, feed on 
the simpler carbohydrates present in this region. 

3. Digestion op Chitin 

Chitin, which is an amino-polysaccharide consisting largely of 
glucosamine units, the amino groups of which are acetylated, forms 
the exoskeleton of many invertebrates, notably the Arthropoda; 
it also constitutes the cell wall sof Fungi. An enzyme capable of 
digesting chitin has been identified in Helix (Karrer and Hofmann 
(1929), Karrer and Francois (1929)). This chitinase has a pH 
optimum at 6 2 and converts chitin into N-aoetylglucosamine with 
traces of glucosamine. Experiments by Mr. E. T. Embrey (see 
above) on the slug, Arion ater, have revealed the presence of a 
chitinase with an optimum about pH 6 0, appreciable quantities of 
glucose being formed. This enzyme may safely be assiuned to be 
concerned in nature with the disintegration of the cell walls of 
the fungi which form the chief food of many land Pulmonata. 

In the Arthropoda, chitinase has been found by Schulze (1927) 
in the beetle, Platydema tricuapia, which feeds on fungi, and also 
by Ramme (1920) in the larvee of the ectoparasitic hymenopteran, 
Paevdagenia carbonaria, which feeds on spiders. In the latter the 
enzyme is extruded from the mouth and is employed in the extra- 
intestinal digestion of the integument of the host spider. 

4. Discussion 

Considering this record of work on the presence of cellulase and 
chitinase amongst the invertebrates in its biological implications 
we arrive at the conclusion that the presence of these enzyues 
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oonfititutes an important physiological adaptation. But the in- 
frequency with which these enzymes are encountered also indicates 
the difficulty their evolution entails. They would seem only to ap- 
pear as a last resort in animals which are highly adapted in other 
ways to a life in wood or a diet consisting largely of this substance. 
For instance, whereas Teredo and Bankia possess cellulaso, this 
enzyme and also the specialised digestive diverticula in which it is 
fonned are absent in Xylophaga dorsalis which is equally confined 
to life in w^ood and has the shell equally adapted as a boring organ 
and the foot as a sucker-like attachment. 

It is also clear that the possession of a cellulase may be for one 
of two purposes — for the penetration only of woody tissues, i.e. 
as an aid to, or alternative for, mechanical entry, or for the direct 
conversion of cellulose into glucose for purposes of nutrition. Thus 
in the Rliizopoda extruded cellulase apparently only assists me- 
chanical penetration of the cell walls of plants in Lesquerensia^ 
PontigulcLsia and Diffingia, but is the sole agent for this purpose 
in VampyreUa. In the Hemiptera examined by Smith, there is 
a nice gradation from purely mechanical penetration in Typhlocy- 
bidfiD, AleyrodidsB and Aphidid®, to assistance by cellulase in 
Capsid® and still more so in Coccid®. In the Strombid® also the 
cellulose may be concerned primarily with the breakdown of the 
cell walls, which are certainly not mechanically ruptured to any 
extent by the essentially cropping jaws. At the same time the 
glucose so formed will undoubtedly assist in the nutrition of these 
gastropods. Pseudagenia certainly uses its chitinase essentially for 
penetration. 

On the other hand wood particles undoubtedly form the principal 
food of the intestinal flagellates of wood-eating termites and of the 
roach, Cryptocercus, Both Teredo and Bankia rely on cellulose to 
provide necessary carbohydrates, os do insects such as Macrotoma, 
boring into the heart-wood of trees. It is less easy to be certain 
as to the exact significance of the cellulase in Helix and in the 
slugs, lAmax and Avion (or of chitinase in the beetle, Platydema), 
By its action the cell contents will certainly be more fully exposed 
to the action of other digestive enzymes wliile additional glucose 
will be formed. The same apphes to the chitinase possessed by 
these gastropods. It is certainly true to say that the possession 
of both these enzymes, enabling their possessors to utilise to the 
full both plant and fungal food, has had an important bearing on 
the success of these land pulmonates, a fact sufficiently indicated 
by their abundance and ubiquity. 

The utilisation, by certain larval longioorn beetles, of bacteria 
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as the agents of cellulose digestion is reminiscent of conditions in 
certain herbivorous mammals. But the insertion into the food 
chain of flagellates, and the direct utilisation of these in termites, 
has up to the present been found only in the Insecta. 
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THE CONDUCTION OF ELECTRICITY 
IN POLAR CRYSTALS 

By N. F. MOTT, M.A., P.R.S. 

Meltnlle WiUi Projtuor of Theortiical PlyHci in the UnivenUy of Brietol 

The discovery of quantum mechanics has led to the formulation 
of a fairly complete theory of conduction of electricity in metals ; 
perhaps less attention has been paid to conduction in non-metals, 
partly owing to very great complexity of the phenomena which are 
observed. In the present article we shall attempt to summarise 
from the theoretical side the present state of our knowledge of the 
latter field of research. The subject is a wide one, and includes the 
insulating properties of dielectrics and their breakdown under high 
stress, photoconductivity, the absorption of light by non-metals 
and the photochemistry of solids, ionic conduction in polar crystals 
and the behaviour of semi-conductors and of certain classes of 
luminescent materials. 

We may take sodium chloride as an example of a non-conducting 
polar salt. According to modem ideas, crystals of this salt normally 
do not conduct because they are built up of ions in which the 
electrons form closed shells ; both the chlorine negative ion and 
the sodium positive ion have the rare gas configuration in which the 
outermost electronic shell contains eight electrons, which is the 
maximum number allowed by the Pauli principle. An electron 
cannot wander, for instance, from one chlorine ion to its neighbour 
because the possible places for an electron in that neighbour are all 
already occupied. For the further development of these ideas the 
reader is referred either to the original paper on the subject due to 
Wilson [1], or to the various text-books on the theory of metals 
[ 2 . 3 , 4 , 6 ]. 

If we wished to introduce an extra electron into a sodium chloride 
lattice, we should have to put it on to one of the sodium ions, and 
thus form a sodium atom in the middle of the crystal. Now the 
orbit ^ of an electron in a sodium atom is rather larger than the 
interatomic distance in the crystal, so that the sodium “ atom 

* Or, in terms of wave mechanics, the radial extension of the wave function. 

648 



OONDFOnON IN POLAB CRYSTALS 


649 

is very much disturbed by its neighbours. Calculations [6] show 
that the electron can jump quite freely from one sodium ion to the 
next and so on through the crystal ; it is, in fact, just as free as 
a free electron in a metal. Frbhlich [7] has made an estimation of 
its mean free path, and finds this to be some hundred interatomic 
distances if the electron is moving with several electron volts energy, 
though if it has thermal energies only the mean free path drops to 
the order ^ of 10" ’ cm. 

An extra electron in a polar crystal can, then, have any energy 
above a certain minimum. This band of allowed energy levels is 
often referred to as the conduction band. The energy — of the 
lowest conduction level has been estimated accurately only for the 
alkali halides [8] ; it is for sodium chloride about — 0-6 e.V. That 




Conduction 
leye/s of 
salt 


ll\> 


Occupied 


Fio. 1. — Energy levels in an insulating crystal and metal in contact. The dotted 
line represents the zero of energy, is, the energy of an electron at rest in free 
space. 


is to say, an amount of work equal to + 0-6 e.V must be done to 
remove from the crystal an electron in the lowest conduction level. 
The conduction levels in salts of high dielectric constant, such as 
AgBr, are probably lower. 

We can now see why, when a dielectric is placed in contact with 
metal electrodes, electrons do not pass from the metal into the 
conduction level of the salt. If the work function <f> of the metal 
is greater than x> work equal to {<f> — x) will have to be done to 
remove an electron from the metal into the conduction band of 
the salt, as shown in Fig. 1. The state of affairs at the boundary 
between the metal and salt is thus similar to that between a metal 
and a vacuum. The writer does not know if ^ is ever less than x, 
nor what would happen in this case. 

This is in agreement with experiments by Engelhard [84] on Cu,0. 
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Small steady currents may be obtained in insulators under high 
fields (c/. for instance, von Hippel [9]). Zener [10] has shown that 
under high field strengths in, for instance, NaCl, electrons will now 
and then be pulled out of the chlorine ions into the conduction 
band.^ The small currents observed by von Hippel may be due 
to this cause. They may, on the other hand, bo due to cold emission 
from the electrodes ; in this case the current obtained should depend 
on the work function </j of the metal used for the electrodes and on 
contamination of the metal-crystal boundary. It would be interest- 
ing to investigate this point. 

Under sufficiently high field strengths dielectrics break down. 
A quantitative theory of the breakdown has recently been given 
by FrOhlich [7]. FrOhlioh considers the behaviour of any stray 


>1 1 1 



Fio. 2. — Exporimontal set-up for 
inea«uring photoconductivity. 



Fio. 3. — Primary photoelectric current as 
a function of the potential difterenoe 
acroBB the eieotrodes. 


free electrons in the material, and enquires whether they will gain 
energy from the external field more rapidly than they lose it as heat 
to the crystal. He finds that for sufficiently strong fields this is 
the case, so that each stray electron is accelerated until it produces 
secondaries, which in their turn are accelerated so that an “ electron 
avalanche ” is formed. FrOhlich obtains a formula for the break- 
down strength, which is in excellent agreement with experiment 
for a number of materials. A consequence of the theory is that a 
mixed crystal of, for instance, two alkali-halides has a higher break- 
down strength than the pure crystals, because the mean free path 
of an electron is shorter in a mixed crystal (as shown by the high 
resistance of metallic alloys), and so the electron loses energy to 
the crystal more readily. 

The phenomenon of photoconductivity is an illustration of the 

1 In Zener’s paper dioleotrio breakdown is aaoribed to a process of this 
kind ; wo prefer, however, the theory doe to Frdhlioh mentioned above. 
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existence of conduction levels in insulators. If an ion of the crystal 
absorbs a quantum of light, an electron may make a transition from 
the bound state in the ion into the conduction band of levels, where 
it is free to move in an applied field. 

Gudden, Pohl and their co-workers have made experiments in 
which a crystal is mounted between two electrodes, as shown in 
Fig. 2, and illuminated for a short period of time only, thus avoiding 
the setting up of space charges. The type of current-voltage curve 
obtained for zinc-blonde [11], silver bromide [12] and for diamond 
[13, 14] is shown in Fig. 3 ; for the alkali-halides it was impossible 
to obtain saturation. 

For fields giving saturation, the current passing through the 
electrometer was found to be approximately equal to |Ned, where 
N was the number of light quanta absorted by the crystal, d the 
distance between the electrodes, and e the electronic charge. This 
suggests that every quantum of liglit absorbed releases an electron, 
which is pulled right out of the crystal ; the mean distance to the 
anode from the point where a quantum is absorbed will be \d, if 
the crystal is uniformly illuminated. 

For fields which do not give saturation, it is clear that the 
electrons must come to rc^st in some stable position before reaching 
the anode. The electrons certainly do not usually recombine with 
the ions from which they have been ejected ; for if this were the 
case the mean distance travelled by an electron, as well as the 
number of electrons produced, would depend on the intensity of 
the light. It is easy to show that the current would then be pro- 
portional to the square root of the intensity of the light, instead 
of to the intensity, as observed. 

It is generally assumed that the electrons are trapped in the 
neighbourhood of cracks or impurities, where positions of specially 
low potential energy may be ex{>eoted to exist [15, 16] ; for alkali - 
halides quite a definite model for these special positions will be 
described below. One would expect the probability that an electron 
will be trapped while crossing a crack to be much less than unity, 
so the range will in any case be proportional to the field. At high 
temperatures these special positions are not stable, as shown by 
the fact that a photocurrent in alkali-halide crystals continues after 
the illumination is out off, if the temperature is not too low. 

Reimann [17] has investigated the decay in the conductivity 
of a zinc-blende crystal after illumination ; he believes the decay to 
be due to electrons going back to their original positions after being 
released from their trapped positions by thermal agitation. If n 
is the number of electrons in excited positions, then the number of 
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places to which they can return is also equal to n, so that the rate 
of change of n is given by 

dn . , 
dt 

where A depends on the temperature. The solution is 

A 

n = 

t + const. 

BO we expect the conductivity, which will be proportional to n, to 
decay inversely as the time ; this is in agreement with Reimann’s 
observations. 

We must now discuss in greater detail the mechanism of light 
absorption by a crystal. We show in Fig. 4 the ultra violet 
absorption spectrum of sodium chloride, recently measured by 
Schneider and O’Bryan [18]. The two peaks 
are to be interpreted as follows [8] ; 

A diagram such as Fig. 1 would suggest that 
the absorption of a quantum of light by a crystal 
must necessarily eject an electron into the con- 
duction band. In this respect, however, the 
diagram is misleading, as first pointed out by 
Peierls [19] and further emphasised by Frenkel 
[20]. If an electron is ejected from an ion of 
the crystal, it will leave behind it a “ hole,” or 
excess positive charge, and at a distance r 
from this hole there will be an electric field 
e/xr*, where x is the dielectric constant of the crystal. This field 
acts on the electron in the same way as the field of the proton acts 
on the electron in a hydrogen atom. As a consequence, there are 
in the field of the “ hole ” a series of stationary states leading up 
to a series limit. Ideally, therefore, the absorption spectrum of an 
insulator consists of a series of sharp lines leading up to a series 
limit, beyond which continuous absorption sets in. In any real 
crystal the lines will be very much broadened by the vibrations 
of the atoms. In Fig. 4, the peak at 1680 A. is the first absorption 
line ; the other lines are unresolved and the peak at 1280 A. corre- 
sponds to the series limit ; beyond this true continuous absorption 
sets in. Similar measurements for KI [2 1 ] show that at low temper- 
atures the first peak becomes sharper, though even at the absolute 
zero the “ zero-point ” vibrations should lead to some broadening. 

The electronic transition to which the first peak is due may be 
described in a different way, which is however practically equivalent 
to the foregoing description. One can say that the electron is 
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Fia. 4. — Absorption 
spectrum of thin 
films of NaCl. 
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ejected from a chlorine on to an adjacent sodium ion. On the basis 
of this model do Boer [22] and von Hippel [23] have estimated 
the energy of the transition and hence the wave-length of the line. 
For wave-lengths shorter than that of the second peak the electron 
is removed to a distant metal ion. 

In pure NaCl, then, a wave-length less than 1280 A. will be 
necessary to free an electron and so cause photoconductivity. Actu- 
ally no photoconductivity at all is observed when alkali-halides are 
illuminated in their characteristic absorption bands ; but this is 
probably because, owing to the high absorption coefficient, the light 
penetrates only a distance of about 10 ® cm. It is, however, in 
agreement with our considerations above that no photoconductivity 
is observed [24] when a crystal is illuminated in the long wave- 
length tail of the absorption band, whei*e the absorption coefficient 
is quite small and the light can penetrate several mm. Experiments 
on photo-cun*ents in alkali-halides have been carried out mainly 
with crystals coloured by the presence of excess alkali-metal (see 
below). 

Photoconductivity is, however, observed in zinc-sulphide, silver- 
bromide and other salts, containing no imjmrities deliberately intro- 
duced. The absorption spectra of these salts do not show any 
strongly marked maxima ; it is not certain whether, for the wave- 
lengths used, the absorption is due to atoms of the perfect crystal, 
to atoms at impurities, or to atoms situated at the surfaces of cracks, 
which, according to Herzfeld [10], absorb for longer wave-lengths. 

In either case, the argument given above is valid, that at any 
rate at the long wave-length end of the absorption spectrum the 
electron is only raised to an excited state, but not ejected directly 
into the conduction band. Since photoconductivity is nevertheless 
observed in many salts near the long wave limit of the absorption 
band, the present author has suggested [25] that thermal agitation 
is sufficient to free the electron before it falls back to its normal 
state. In this case a drop in the photoourrent is to be expected 
as the temperature is lowered. A very marked drop is in fact found 
[26] in coloured rock salt at — 150^ C., and also in ZnS [27]. No 
drop, however, appears in AgBr [12] down to liquid air temper- 
atures ; further experimental investigation of this point would be 
of value. 

We must now turn to a more detailed investigation of the influence 
of lattice imperfections on conduction in crystals. According to 
Sohottky [28], Jost [29], and others, in a polar crystal in thermal 
equilibrium at a sufficiently high temperature, a number of lattice 
points of either sign are unoccupied by the corresponding ions. 
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As the temperature is raised these “ holes ” are formed at the surface 
and travel inwards ; they form in the crystal a kind of gas, moving 
about with thermal energies. The authors quoted ascribe the 
electrolytic conductivity shown by solid salts at high temijoratures 
to the presence and motion of these holes. Moreover, since these 
holes are only mobile at high tcmjjeratures, it is clear that any 



Fio. 6. — Absorption spoctrum of Hodiiim -chloride crystal with F-centres. The 
dotted lino shows the change in the shape of the band on illumination, duo 
to the su|)erposition of tho F' baud on the original F-band. 

crystal formed from the melt will contain at low temperatures a 
numl)er of these holes “ frozen in.” 

The yellow colour of rock salt that has been exposed to X-rays 
is well known. All alkali-halides can be coloured in tliis way, and 
give a characteristic absorption band (Fig. 6), known as the F-band.^ 
De Boer [30] has proposed the following hypothesis about the 
natiu*e of the F-band ; he suggests that it is due to electrons trapped 
at lattice points where negative ions are missing ; we have seen 
that in any real crystal a number of such points will exist. Since 
a field c/xf* exists at a distance t from a vacant negative lattice 

* From the German '* Farbo,” colour. 
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point, it is clear that electrons will be attracted to these points and 
can be trapped there. The absorption band shown in Fig. 6 is 
then due to the absorption of light by these trapjjed electrons. 

When a crystal is irradiated with X-rays, electrons are released 
from the lower levels of the atoms or ions, and move at random in 
the conduction band until they either recombine with their original 
ions, or are trapped at a point where a negative ion is missing, 
forming F-centres. In the latter case they may eventually escape 
and return to their original ions ; we account thus for the fading 
of crystals coloured by X-rays. 

Pohl and his co-workers [26j have found that alkali-halide 
crystals become coloured when heated in alkali metal vajwur ; the 
crystal then acquires a stoichiometric excess of alkali metal, but 
the absorjjtion band is identical with that obtained by irradiating 
the crystal with X-rays. In this case holes must be formed at the 
surface and collect an electron from a metal atom ; the F-centre 
then diffuses into the crystal, while the anion and cation so liberated 
adhere to the surface of the crystal. 

Space will not allow an enumeration of the observed properties 
of F-centres,^ many of which can be explained in terms of this 
model. It is, however, worth mentioning that in work on photo- 
conductivity in coloured alkali-halides, Pohl finds that the current 
I)er absorbed quantum, and hence the range that an electron moves 
before it is trapped, is inversely projK)rtional to the number of 
F-centres present. He deduces that electrons are trapped by the 
F-centres ; in terms of our model, it follows that tvx> oloctrons can 
be trapped by the field round a vacant negative lattice point, just 
as two electrons can be “ trajjped ” by a proton to form H~. The 
process is accompanied, as we should expect, by a shift of the 
absorption band towards the red. It is thus very satisfactory that 
for the alkali-halides we have a detailed picture of the trapping 
mechanism which limits the photoelectric current, and do not have 
to appeal to the vague hypothesis of cracks. 

If the crystal contains colloidal particles of metal (as do natural 
crystals of blue rock salt), the range of the electrons is still further 
cut down ; particles of metal act as very efficient traf)s. On the 
basis of this fact Gurney and Mott [31] have given a theory of the 
photolysis of silver bromide (the print-out effect in photographic 
emulsions). In a crystal already containing small particles of 
metallic silver, electrons released by the light will normally be 
trapped by a metal particle ; so that for every quantum absorbed 
one electron is added to the metal. Silver bromide is an ionic 

» Of. ref. 26 . 
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conductor at room temperature ; the colloidal silver specks will 
discharge by attracting the positively charged silver ions, which 
move up and adhere to them. Thus the silver specks grow as the 
light is absorbed. 

The study of photoconductivity is of value for understanding 
the action of luminescent materials. These may be divided into 
two classes. One, of which the uranyl salts are an example, shows 
no photoconductivity ; thus the ions or atoms within the crystal 
which absorb the light do not lose an electron in the process, but 
arc merely raised to an excited state. This class will not concern 
us here. To the other class belong the zinc-sulphide phosphors 
sensitised by heavy metals, in which the absorption of light is associ- 
ated with photoconductivity ; these also show phosphorescence, 
or, in other words, a gradual re-emission of light lasting for many 
seconds after the exciting radiation is cut off. 

For this latter class we can understand fairly well how the light 
is re-emitted, and make some predictions about the dependence of 
phosphorescence on temperature. 

The light is absorbed by atoms of the heavy metal, probably 
present in solid solution. From an atom of the heavy metal an 
electron is ejected into the conduction band of the zinc-sulphide 
crystal. Here it wanders round until it is trapped at one of the 
metastable levels existing at impurities or cracks. But, as we have 
seen, at not too low a temi^erature these positions are not stable ; 
every now and then the thermal agitation of the surrounding atoms 
will free the electron again. Thus eventually it will find one of 
the ionised heavy metal atoms and recombine with it, emitting 
radiation. 

As we have seen, such a mechanism implies that the number 
of electrons in the conduction band decays inversely as the time. 
Since the intensity I of radiation emitted by the crystal will be 
proportional to the product of the numbers of electrons and of 
vacant places, it follows that after the exciting radiation is shut off 
I decays according to the law 


+ const.)* 

According to a note by Reimann [17], this is in agreement with 
experimental observations by Antonow-Romanowski [32]. 

The constant A, giving the rate of decay, will increase rapidly 
as the temperature is raised. At sufficiently low temperatures the 
positions at cracks may be quite stable, and so A will be practically 
zero. This is in agreement with experiment [38] ; very little 
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lumin^oenoe is shown at low temperatures. Another factor which 
may contribute to the same effect is the fall, as the temperature is 
lowered, in the number of electrons liberated per absorbed quantum, 
which has been already discussed in this article. 

At sufficiently high temperatures also a fall in the intensity of 
the re-emitted radiation is to be expected. When an electron in 
the conduction band meets an ionised heavy metal atom and recom- 
bines with it, it can give uf) its energy either as radiation, or as 
heat ; in the latter case the surrounding atoms will be set into 
vibration. According to calciilations by Peierls [19] based on 
quantum mechanics, the latter process becomes very much more 
probable as the temperature is raised, because the electron is then 
more disturbed by the surrounding atoms and more able to com- 
municate energy to them. Recent experiments by Randall [33] 
show that a drop in the intensity of emitted radiation is in fact 
observed as the temperature is raised. 

Finally, a few words may be said about the present state of 
the theory of semi-conductors ; by this term we mean substances 
showing electronic conduction, with a conductivity which increases 
as the temperature is raised. According to the theory given some 
years ago by Wilson [1], such substances contain special electronic 
levels in the neighbourhood of impurities ; and from these levels 
electrons are liberated into the conduction band as the temperature 
is raised. If E is the work required to liberate an electron, the 
number of electrons in the conduction band and hence the con- 
ductivity is proportional to One would not, however, 

expect E to be equal to the work necessary to free an electron 
optically, as frequently stated in the literature. After an electron 
is freed, the surrounding ions will move into new positions of equi- 
librium in the field of the “ positive hole ’’ left by the electron, and 
energy will be released. In calculating the conductivity, which 
depends on the number of electrons on the conduction band in a 
crystal in thermal equilibrium^ we must of course take E to be the 
total energy, including that released by the ions, but by the Franck- 
Condon principle, in an optical transition the mass-centres do not 
have time to move until the process is over. If is the low-frequenoy 
limit of the photo current-frequency curve of the crystal,^ we should 
expect h^ always to be grecUer than E. 

Alkali-halide crystals with F-oentres form an elegant illustration 
of Wilson’s theory of semi-conductors, the special places where 
electrons are trapped being the lattice points with missing negative 

^ In practice practically equal to or slightly less than the low-frequency 
limit of the absorption b^d, as wo have seen above. 

UU 
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ions discussed above. At the temperatures (~ 600° C.) at which 
electrons begin to be released, the crystals are already good ionic 
conductors and the motion of the electrons in an applied field can 
only be detected by the motion of the coloured region in partly 
coloured crystals. An experiment to show this is illustrated in 
Fig. 6 ; the boundary between the coloured region is found [26] 
to move with a velocity which varies with the temperature as 
g-A/T^ where A is a constant. Moreover, the energy 2AA is less 
than the optical excitation energy of an F-centre (for KCl they are 
2-0 and 2-3 e.V. respectively). 



Fio. 6. — Behaviour of a coloured alkali-halide crystal at about 600® C, in an applied 
field ; the boundary between the coloured and transparent parts moves across 
the crystal. 


Copper oxide (Cu,0) heated under pressiue in oxygen is a semi- 
conductor which has recently been discussed in some detail. The 
salt contains a stoichiometric excess of oxygen ; it is believed that 
some of the lattice points normally occupied by copper ions are 
vacant. Measurements of the Hall coefficient ^ [34] show that the 
current is carried by positive charges ; thus we imagine that there 
exist a few Cu ions among the Cu"^ ions of the lattice, and the 
“ positive hole,” or place where an electron is missing, can travel 
through the crystal. At low temperatures these “ positive holes ” 
are trapped in the neighbourhood of a missing copper ion ; the 
analogy with de Boer’s model of the F-centres is obvious. Only at 
higher temperatures are a few “ holes ” released, so that a current 
is possible. 

^ If a magnetic field is applied at right angles to a wire carrying a current, 
an electromotive force is induced in the direction perpendicular to both. 
The ratio of this e.m.f. to the product of current and field is known as the 
Hall coefficient. Elementary theoretical considerations show that the sign 
of the Hall coefficient depends on whether the current is carried by positive 
or negative charges. (Cf. ref. 3, Chapter VII.) 
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THE PHYSICAL BASIS OF SOIL 
STRUCTURE 

Bv E. W. nUSSELL, M.A., Ph.D. 
nuhatnded Experimental Statim, i/aryxmrfen 

It is a matter of everyday observation that each kind of plant grows 
better in some soils than in others, and in soils cultivated in some 
ways than in those cultivated in others. An important factor con- 
trolling the suitability of a soil for a particular plant is its structure, 
which is the arrangement of the soil particles, or of the spaces 
between them, in the soil. A fundamental problem in Soil Physios 
is the devising of methods to describe the structure of the soil in 
terms of quantities which are known to control the plant growth. 
The lines along which the description should be made are now 
probably known but it is not yet known how much of the necessary 
quantitative information the present experimental methods can give. 
Plants only thrive under certain soil conditions which, for the 
present discussion, can be divided into five classes, namely a proper 
supply of nutrients, an absence of toxic substances, a good water 
supply, a good air supply and a stable medium in which to grow. 
The first two conditions need not be considered here, except to 
note that toxic substances may be produced in the soil in the absence 
of sufficient oxygen, but they are usually oxidised or decomposed 
to harmless ones if an adequate oxygen supply can be introduced. 

The last condition, that the soil should be reasonably stable, is 
of obvious importance. No agricultural crop can survive if the 
soil in which it is growing is blown away by the wind or washed 
away by rain. But the two conditions which are directly dependent 
on the soil structure are the air and water supply. 

The roots of most plants need a continuous supply of water and 
oxygen, and a continuous removal of the carbon dioxide they 
respire. This need can only be satisfied if the whole bulk of the 
soil in which the roots are actively working is permeated with air 
in contact with the atmosphere and with water. This need is 
satisfied by the soil having a suitable distribution of pores. If all 
the pores are large, as in coarse sands, water can drain away rapidly 
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and air have easy access to all parts of the pore-spooe, while if all 
the pores are small, as in silts or clays, water can be held in them 
against drainage and air cannot enter. The ideal soil must have 
such a distribution of pore sizes that there are sufficient large pores 
in contact with each other for adequate gaseous exchange between 
the soil air and the atmosphere to take place, and sufficient small 
pores for the soil to be able to hold against drainage a reasonable 
amount of water that can bo utilised by the plant roots. 

The pore-space distribution of a soil is dejxjndent on the packing 
of the soil particles, and if soils were only composed of silt and sand 
particles, that is non-colloidal j)article8, the natural packing would 
be the closest packing, that is the one with the minimum amount 
of large pores. If all the particles were small all the pores would 
be small enough to hold water against drainage, so that such a 
soil could be well drained and yet hold no air, with the consequence 
that plants growing in it would suffer badly in wet weather. When 
the soil contains colloidal material, however, it may ix)ssess a stable 
crumb structure, and this increases the average size of the soil 
pores, mainly by increasing the volume of the larger pores. 

The soil aggregates or crumbs, the words are often used 
synonymously, which form its crumb structure, are the natural 
fragments into which a soil breaks up, and are collections of soil 
particles which behave in many respects as new independent soil 
particles. They may have any size from a large clod to fine dust, 
and, since they are porous, possess their own internal structure. 
The soil structure is compounded of the structure of the individual 
aggregates and of their packing in the soil itself. The pore-space 
of a crumbly soil is, therefore, different from that of a compact 
soil, for whereas the pore-space distribution in each aggregate may 
be the same as in the compact soil, there are a new set of larger 
pores between the aggregates. In so far as the pore-space in the 
crumb is the same as in the compact soil the main effect of the 
crumb structure is to increase the aeration and facilitate the drainage 
away of the surplus water rather than to increase the amount of 
water the soil can hold against drainage. Very little is known 
at the present about how far the pore-space inside a crumb differs 
from that in the compact soil. If the crumb is itself a cluster of 
granules, as in some soils, it will evidently be larger, but for the 
usual soils in this country the difference is not known. It would 
be a very important property of crumb formation, in those soils 
wliioh hold an appreciable proportion of their total water in pores 
so fine that plant roots cannot empty them, if the average diameter 
of the pores in the crumbs is larger than in the compact soil, Tor 
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an increase in average pore diameter causes an increase in the 
volume of water in the soil which is available to plants. 

In the rest of this paper, the discussion will mainly be confined 
to the crumb structure of the surface soil, for there are not yet 
sufficient experimental data available for a wider discussion. The 
structure of the subsoil is of great importance for the growth of 
agricultural crops since their roots go down several feet. But this 
structure cannot usually be improved by agricultural operations 
unless there is some obvious impediment in it, such as a hard pan 
or a high ground-water table, for, except under these conditions, 
cultivations much deeper than &~8 in. do not usually increase the 
plant growth. Many gardeners and horticulturists do, however, 
try to improve the subsoil structure by trenching the soil down to 
2-3 ft., and this is probably of great advantage for shallow rooting 
or very quick-growing plants. But in general agriculture it is not 
economical to try to alter the subsoil structure, and for this reason 
it has not been studied very much. 

A number of experimental methods have been devised to measure 
the structure of soils. The ideal fimdamental measurements are 
probably to determine the distribution of the volume of water the 
soil pores can hold as the maximum size of the pore apertures 
enclosing the water is varied, the stability of this distribution and 
the rate of gaseous exchange between the soil air and the atmosphere 
as the moisture content is varied. Unfortunately these measure- 
ments have not yet been made, because there are not yet any suit- 
able methods for measuring the volume of water held back by pores 
of a definite maximum diameter in the range of moisture contents 
of importance for plant growth when the soil has its field structure. 

Three sets of methods to determine the structure of a soil are 
in use. The first is to measure the volume of air in unit volume 
of soil at one or at two definite moisture contents, as for example 
when the soil is holding its maximum amount of water against 
drainage and when it is air-dry. This method does not easily give 
sufficiently accurate results for stony soils. 

The second set of methods is to determine the rate of flow of 
water through the soil, and in particular to measure the decrease 
of velocity of flow with time. This decrease occurs for two reasons. 
If the soil was initially dry, it swells as it becomes thoroughly wet, 
so that the pores through which the water is percolating become 
narrower. Further, some of the soil crumbs break up when wetted 
into finer particles and crumbs which will fall into and block some 
of the larger pores. This method can be used for all soils, but the 
results may be very difficult to interpret. 
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The third set of methods is to determine the size distribution 
of the soil aggregates either as they exist in the field or as they 
exist after having been wetted in water by some particular method. 
Methods of this type, collectively called methods of aggregate 
analysis, and particularly those determining the size distribution 
of water -stable aggregates, have been widely used, for the results 
can be interpreted fairly easily in terms of field behaviour, but 
they are not necessarily of direct importance for the air and water 
regime in the soil. 

Doyarenko [1] and some of his co-workers of Russia have tried 
to determine the most suitable distribution of pore-space and 
crumb-size for the optimum growth of agricultural crops. From 
the results of their experiments they stated that, for the humid 
temperato soils, tfie volume of the air space in a well-drained wet 
soil should be about equal to the volume of water present and about 
equal to half the volume of water present for the semi-arid soils. 
Their results are ambiguous, however, for they could equally accur- 
ately have stated that the soil aggregates should all be larger than 
J mm. and smaller than 3 mm. in diameter. It is probable that 
both these conditions should hold. The first simply states that 
in the humid regions the air supply and in the arid regions the water 
supply is the more important, while the second states that aggregates 
smaller than mm. merely block the air channels without adding 
appreciably to the water-holding power of the soil and that the air 
supply tends to become restricted in aggregates larger than 3 mm. 
in diameter. 

The stability of the soil aggregates, particularly those in the 
surface soil, is another property of great practical importance. A 
torrential downpour, such as occurs every now and again in this 
country, can break down all the aggregates in the surface soil, 
leaving the surface a wet paste almost devoid of structure. This 
breaking down occurs more easily on light land, which usually has 
soft aggregates, than on heavy, which usually has harder ones. On 
some soils, particularly on some alkali and saline soils, this break- 
down of structure occurs merely on wetting the aggregates and 
without the active mechanical pounding of large raindrops. When 
a soil, whose surface structure has been destroyed in either of these 
ways, dries, it usually forms a surface cap or pan which is extremely 
hard and through which most germinating plants cannot force their 
way. This cap also hinders the gaseous exchange between the soil 
air and the atmosphere and reduces the rate with which any further 
rain can be absorbed, so encouraging surface erosion. 

There are not yet any really satisfactory methods for describing 
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and classifying the different types of crumbs or aggregates that 
occur in soils. Some jfeoils, such as the virgin black prairie and 
chernoz^em soils, possess a very distinctive structure that can easily 
be described and recognised, but for many soils, particularly for 
most cultivated soils, the cnimb chaxacters most worth while classify- 
ing have not yet been agreed upon. (>umbs have been classified 
by four of their characters, namely their shape, their size, their 
hardness when dry and their consistency when wet. For a com- 
plete classification their pore-space distribution and their water- 
stability should also bo added. The classification in common use 
in Russia is based on the shape and size of the aggregates as primary 
characters, with hardness and consistency as secondary. This is 
well suited to non-arable soils such as old forest, old steppe and 
old pasture soils, and it is for these it has mainly been developed, 
but it is not suited to arable soils without modification. 

The structure of non -arable or virgin soils can be divided into 
two main classes, those with simple and those with compound 
structure. A soil has simple structure when there are no definite 
aggregates visible to the naked eye, that is larger than about a 
I mm. diameter. The soil may be too sandy to possess a structure, 
it may bo a heavy soil which when dry forms large uniform clods 
showing no definite structure, or it may be a self-mulching soil whose 
fine particles are aggregated into crumbs smaller than j mm. and 
which do not stick together to form larger crumbs when dry, 

A soil has a compound structure when it breaks up naturally 
when dry into units larger than J mm. in size but smaller than 
some indefinite upper limit, for large clods showing no structure 
have already been called simple. This complication is of practically 
no importance for virgin soils, though it is of great importance for 
arable soils. The natural aggregates or crumbs are first classified 
according to their shape, which may be roughly cubical, roughly 
prism- or column-shaped or roughly plate-shaped. They are then 
subdivided into those whose sides are smooth, either flat or curved 
and their edges and comers angular and into those whose sides are 
irregular and whose edges and comers are rounded. Finally they 
are subdivided according to their size. Tims on the system used 
by Zakharov [2] aggregates are said to be granular if they are roughly 
cube-shaped, have well-defined faces and edges and between 3-1 
mm. in size, while they would be called cloddy if their faces and 
edges were indistinct, and laminar if they had a plate-like structure 
with definite cleavage planes. 

The natural structural units into which a virgin soil breaks 
down are sometimes called crumbs in contradistinction to aggre* 
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gatefi) which then refer to any dry lump of soil. These crumbs have 
a definite individual existence in the soil for an appreciable number 
of years, and their classification is not difficult. But in arable 
soils there is no sharp distinction between crumb and aggregate. 
The aggregates in the surface layer are not known to have any 
permanent existence, though many of them have been produced 
by the natural breaking up of larger clods, and it is aggregates of 
this type that have not yet been satisfactorily classified. 

Attempts have been made to surmount this difficulty by trying 
to classify the small individual units which compose the larger 
aggregates. If a dry aggregate is slaked slowly and completely in 
water, it falls into much smaller aggregates, which may be as large 
as 1-J mm. but for most arable soils are smaller than | mm. These 
fine aggregates, which have been called ultimate structural elements 
or the microstmctural elements of the soil, possess a much greater 
water stability than the larger aggregates, probably due solely to 
their smaller size. It is not known how far these smaller aggregates 
possess a fairly permanent individual existence in the soil. Kubiena 
[3] has made a promising attempt to classify these microstructural 
aggregates by classifying the ways by which the individual sand 
grains are held together in the aggregate and claims to have de8cril)ed 
eight distinct classes of the aggregates. But much more work is 
needed on the classification of microstructure before it is known 
on what basis to found the classification. It is not even known 
how far microstructure is a property of cultivated soils only or how 
far it is possessed by the natural crumbs of virgin soils. 

The Control of Soil Structure 

The structure of a soil can in practice be altered by four different 
methods, namely cultivating the soil, allowing the weather to act 
on it, adding certain types of manure to it and growing certain 
crops on it. Most of the exi)erimental work that has been done 
on these problems has been carried out in Russia, during the last 
ten years, using the methods of aggregate analysis. 

The Effect of Cvliivation Implements 

Vilensky [4] and his co-workers in the Ukraine have recently 
introduced a new principle, which, if its generality can be established, 
will be of great help in interpreting some of the main results of 
cultivation. They were investigating the effect of working soils 
at different moisture contents on the size, hardness and water- 
stability of the aggregates produced by subsequent drying. If less 
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than a certain amount of water had been added, the effect of knead- 
ing was mainly to reduce stiD further the small amount of aggregation 
initially present. After a certain moisture content had been reached 
aggregate formation began to appear and this passed through a well- 
marked maximum at a definite moisture content. At this stage 
a well-developed aggregate structure was produced, the aggregates 
being well distributed between J mm. and 20 mm. in size. As tlie 
moisture content at the time of kneading increased beyond this, 
there was a marked formation of large hard clods. The soil not 
only showed maximum aggregation at this moisture content, but 
the aggregates had their maximum hardness and water stability 
at this point, and for many soils this was a very sharp maximum. 

These experiments have been repeated elsewhere and the follow- 
ing additional facts stated. The moisture content for this optimum 
aggregate development is about the same as the sticky point * of 
the soil, but is lower the greater the pressure used when kneading. 
The total porosity of the dry soil is a minimum when kneaded at 
this moisture content, which probably means that the porosity of 
the individual aggregate has its minimum value then. This point, 
however, was not directly determined, though it is obviously of 
great practical importance, for if the pore-space of the aggregates 
was reduced, it would be an undesirable consequence on heavy land 
whose aggregates in any case tend to be insufficiently porous. 

There is one very important application of this principle that 
has not yet been confirmed outside Russia. If a soil is cultivated 
at this critical moisture content the dried aggregates will have 
their maximum water-stability, consequently possessing their maxi- 
mum resistance to shattering by rain and, in the alkali soils, to paste 
formation. As pointed out earlier this general water-instability 
of the surface tilth of alkali soils presents great difficulties in 
irrigation husbandry, but some Russians think that if these alkali 
soils are worked at this critical moisture content, the water-stability 
of the crumbs is enormously increased. Thus this principle should 
be of great help in preventing surface caps from forming. 

This principle helps to clarify the results of the effects of different 
cultivation implements on the soil structure. The only way the size 
of aggregates can be increased by cultivation without ruining the 
soil structure is to work the soil when it is near this moisture content, 
as for example to plough it with a mouldboard that will compress 
the furrow slice while turning it over. If the soil is worked much 
drier than this, the main effect will be to break up the existing 

* The Btieky point of a soil is the lowest moisture at which the soil will 
stick to a metal surfhce. 
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aggregates, while if it is worked wetter there will be a tendency for 
large clods to be formed. 

A second important point about the action of individual imple- 
ments is their tendency to produce dust. If the soil is only a little 
drier than the critical moisture content, the action of all implements, 
ploughs, cultivators, rotary cultivators and harrows, on the soil 
structure, is much the same. One implement may make rather 
more small aggregates stick together to form a larger one while 
another may break rather more aggregates along their lines of 
natural cleavage into smaller ones. But when the soil becomes 
much drier than tins certain implements, such as some rotary culti- 
vators and harrows, tend to smash the aggregates by mechanical 
impact, and this often leads to aggregates being broken along 
planes that are not natural cleavage j)lane8 and in this case dust 
particles are produced, a phenomenon that does not occur when the 
soil is damj)er. This pulverising of the soil aggregates is always 
undesirable and is particularly harmful in arid regions subject to 
wind blowing. 

The effect of cultivation implements on the j)orosity of soils 
is not at all well understood. A number of observations have been 
made but the results cannot yet be interpreted consistently, possibly 
because of ignorance of Vilensky’s principle. Cultivation can cer- 
tainly alter the porosity of the soil and in general will increase it, 
but very little is known about how long this increase lasts into the 
growing season. Von Nitzsch [5], working in Germany, has demon- 
strated that if this increase does persist appreciable increases in 
crop yield occur, but he did not show under what conditions this 
increase of pore-space could persist. 

Effect of Climate 

The three main climatic factors that affect the soil structure 
are the effect of frost, the effect of wetting a dry soil and the effect 
of drying a wet one. The effect of day-to-day variations of the 
climate are only of importance on fairly bare soil. Soil under 
forest, steppe or pasture has a structure that may depend on the 
average climate over a large number of years, but is nearly constant 
throughout any one year. The earlier experiments on the effect of 
frost on the soil structure gave somewhat inconclusive results, 
probably because most experimenters did not pay sufficient attention 
to the moisture content of the soil at the time of freezing. Recently 
the results of some experiments carried out by Jung [6] and the 
use of Vilensky’s principle of a critical moisture content for maximutn 
aggregate formation have probably clarified the position. If the 
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soil is fairly dry, appreciably drier than Vilensky’s oritioal moisture 
content, the sole effect of frost is probably to break or to weaken 
the soil aggregates. If the soil is very wet aiid the freezing at all 
fast only very small aggregates are produced. If the soil is at 
about its critical moisture content the frost produces stable strong 
aggregates usually between 1-10 mm. in size. These aggregates 
have usually sharj) edges and corners and clearly marked faces and 
appear as a typical crumb structure. 

The effect of the rate of freezing of the soil is not of great im- 
portance in practice, since there are usually only small variations 
in the rate of freezing. If the problem is studied in the laboratory 
the results found are that the faster the rate of freezing, the smaller 
and the weaker are the aggregates formed. As an extreme if a wet 
soil is frozen by immersion in liquid air, the mass on thawing falls 
down to a uniform paste showing no aggregation due to freezing at all. 

The effect of rain on the surface soil is to break up the aggre- 
gates. This fact is obvious, though not all the processes at work 
are understood. As already mentioned, rain can break up aggre- 
gates just by the mechanical impact of large rapidly falling drops. 
The air in the dry aggregates also helps to shatter them on wetting, 
and some aggregates, such as those of some alkali soils, fall down to 
a paste on simple wetting. But the main effect of rain is to reduce 
aggregates to the small elements of microstructure. The heavier 
the rainstorm, the greater the destruction of aggregates. Merely 
water-logging a soil for a short time, as for example over winter, 
has very little effect on the structure of most soils. 

The effect of drying a soil is threefold. It tends to undo the 
work of the rain, by building up aggregates, though these may be 
large clods. Drying also increases the stability of aggregates in 
that the cements binding the aggregate together seem to become 
more water resistant the more they have been dried before re- 
wetting. But drying also decreases the stability of the aggregates, 
particularly of large clods, to wetting, for the disruptive effect of 
the entrapped and adsorbed air in a wetted clod is larger the drier 
the clod was before being wetted. This disruptive effect is also 
the greater the more raj)idly the dried cjod is wetted. 

The Effect of Manures 

There are a number of vague generalisations in the older soil 
science text-books on the effects of manures on the soil structure, 
but there is surprisingly little quantitative information available 
to check the accuracy of these generalisations or to make them 
more definite. 
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The effect of artificial mineral fertilisers, such as the mineral 
phosphate, potash and nitrogenous fertilisers, have in practice very 
little if any effect on the soil structure. Those containing soda or 
potash, particularly nitrate of soda, are said to be very harmful to 
the soil structure. Unquestionably if sufficiently large doses of 
nitrate of soda are given to a fallow soil its structure can be spoilt, 
but there are few, if any, records of this spoiling taking place on 
commercial farms. At Rothamsted there are tliree sets of plots 
which have received annually either 275 lb. or 550 lb. per acre of 
nitrate of soda for over seventy years, and in only one set is there 
any suspicion of a harmful effect setting in. This set of plots is 
now said to be stickier than the other plots in the same field, but 
there is no indication yet that any other structural property has 
changed. 

Lime and dung are commonly held to have a pronounced bene- 
ficial effect on the soil structure. Much of the experimental evidence 
on the effect of lime is still contradictory, and the present position 
seems to be that the j)resenoe of lime in the soil or the degree of 
calcium saturation of the soil only affect the size and the stability 
of the soil aggregates in so far as they hasten the decomposition of 
the organic matter present, and it is some product of this decom- 
position that increases the stability of the structtire. On this view 
liming a soil deficient in organic matter will either be of no benefit 
or may oven be slightly harmftd to the soil tilth. 

Dung is a great improver of soil tilth, particularly if added in 
very large quantities. Every gardener with a light or heavy soil 
knows how soon the beneficial effect of digging in large quantities 
of dung at regular intervals can be seen. The soil works easier, 
has a better aggregate distribution and probably a better pore-space 
distribution. Unfortunately there are still very few quantitative 
determinations of these effects. At Rothamsted on the Broadbalk 
wheat field, which is a fairly heavy soil, the pore-space on a strip 
of land that has received 14 tons of dung for almost every year 
since 1843 has about 37 per cent, pore-space while the neighbouring 
plot which has been unmanured since then has 34 per cent, pore- 
space. The dunged soil has also a better and a more stable aggre- 
gate structure than the unmanured. Tjulin [7] working near Perm 
and Ilmenev [8], near Moscow in Russia, each found that the 
efficiency of dung as a structure improver on acid soils was increased 
if lime was added at the same time. This is another example of 
the benefit of Ume being due to its power of hastening the decom- 
position of the dung. 

Geltzer [9] working in Turkestan, and other workers elsewhere 
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in Russia, found that other forms of organic matter are as good, 
and sometimes better, structure improvers than dung. Ploughing 
in green crops or even cellulose and potassium nitrate improved 
the soil structure markedly, but this improvement was shorter 
lasting than that brought about by dung. Goltuer put forward 
the generalisation that organic fertilisers only improve the soil 
structure while they are decomposing, and the faster they decompose 
the greater will be the improvement in the soil structure. Thus 
manures rich in readily decomposable substances such as celluloses 
and hemicellulosos would give a better though a shorter-lived im- 
provement in the soil structure than those rich in less readily 
deoomi)osable substances such as lignins. The beneficial effect of 
lime on soil structure, in so far as it hastens the decomposition of 
the organic matter, is a s[)ecial case of this generalisation. 

The explanation of Geltzer’s generalisation will be discussed 
later. There seems little reason to doubt its validity as judged 
from numerous experiments reported in the Russian literature, but 
it has not yet been examined outside Russia. 

The Effect of the Growing Crop 

It is ancient knowledge that the soil structure under an old 
pasture or under steppe is much better than in old arable land. 
Heavy land farmers in this country know that if they leave their 
land in pasture for three or more years and then break it up, it 
will work comparatively easily for three or four years, when it can 
then be laid down to pasture again. Several workers in Russia 
have followed this effect of pasture on the stability of the soil 
structure. They find that two to three years is necessary for any 
noticeable improvement in the structure to take place, and this 
improvement steadily grows more pronounced for many years. 
It takes place under grass, clover and lucerne, though naturally it 
is not possible to keep the last two down for long periods. This 
building up of structure is rapidly destroyed under arable culti- 
vations, the effect of a six-year ley being small after three to four 
years. These results are in agreement with the experience of heavy 
land farmers in this country. 

The cause of this improvement will not be discussed here, except 
to note that it is probably another example of Geltzer's generalis- 
ation. For it is probable, but not yet perhaps quite proved, that 
there is a large supply of readily decomposable organic, substances 
undergoing rapid decomposition under an established grass or clover 
sward. There is also a large reserve of more resistant material, 
which decomposes more slowly but which lasts longer, enabling the 
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cultivated soil to keep its structure for several years. But a time 
comes when only very resistant organic substances are left in the 
soil. At this stage a steppe soil that has been cultivated for many 
years will be almost devoid of structure and yet may have a higher 
organic matter content than arable soils in other regions which 
have a much better structure. 

Theories of Crumb Formation 

The older soil chemists set out to explain why lime benefited 
the soil. They observed that if a calcareous soil was shaken up 
with water the suspension cleared rapidly while an acid soil might 
give a turbid suspension. They knew that if a little lime-water 
was added to this turbid suspension floes sufficiently large to be 
visible to the naked eye would form and settle leaving a clear 
supernatant liquid. They connected the beneficial efiFect of lime 
on an acid soil with the flocculating effect of lime-water on the acid 
susjxjnsion and drew an analogy between floe formation and crumb 
formation or rather between floe formation and good tilth. The 
generality of this analogy was increased when it was found that 
soils could be dispersed in a dilute soda solution to give a stable 
cloudy suspension and that natural soils containing soda could not 
usually be cultivated because they could not retain a good crumb 
structure even if they were given one, a task that was extremely 
difficult. Flocculation thus came to be considered the cause of 
good tilth in soils. 

This theory was never able to explain the apparent contradictory 
result that organic matter improved the soil tilth but stabilised 
soil suspensions, making them more difficult to flocculate. Nor did 
the theory over clearly distinguish between crumb formation and 
crumb stability. But a more serious difficulty was that the so- 
called deflocculated aggregates of acid soils and the flocculated 
crumbs of neutral soils could not be distinguished by any simple 
physical test. It was also found that deflocculated suspensions 
of calcium soils and clays could be prepared and they yielded just 
as stable crumbs as those formed from flocculated suspensions. 
Hence at the present time the primary facts which the flocculation 
theory set out to explain are now all suspect. 

When it became obvious that this simple flocculation theory 
would not explain the phenomena, instead of it being discarded the 
concept of the word flocculation was arbitrarily altered. It was 
then considered that deflocculated pastes of acid and neutral soils 
suffer irreversible flocculation on drying. Now the essence of the 
concept of flocculation is that a dispersed substance should settle 
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out in the form of floes from the dispersion medium. The process 
of flocculation can be stretched to cover the separation of the, clear 
dispersion liquid from a semi-rigid gel, but this is a distinct extension 
of the fundamental concept of flocculation. The concept cannot 
legitimately or profitably be stretched to include the forcible re- 
moval of the dispersion medium from a gel by processes such as 
drying. 

The phenomena related to flocculation and deflocculation in 
dilute suspensions almost certainly occur in thick soil and clay pastes, 
but the most suitable terms in which to describe them are not yet 
known. For example, some dilute deflocculated suspensions of clay 
in water show colour changes on being shaken or stirred, probably 
due to the clay particles being orientated along the lines of flow. 

If the water is sucked out of the suspension by a filter candle this 
phenomenon becomes more marked as the suspension becomes more 
concentrated, and even when the suspension becomes so concen- 
trated that it is a thick paste the colour change can still be seen 
by scratching the surface with a sharp point. If the thick paste 
is scratched to show a number of these lines of colour and is then 
carefully dried these lines j>ersist in the dried aggregate, but these 
aggregates may be very stable in water. This property of colour 
change with movement is lost if sufficient electrolyte is added to 
the dilute suspension to cause floes to form, and in fact a much 
lower concentration of electrolyte than is necessary to produce floe 
formation will sto}) it. If some of the electrolyte solution is sucked 
out of tliiajflocculated sediment, or if some electrolyte is added to ' 
a concentred deflocculated suspension, a jelly wjll usually be 
formed which will not show any colour change on scratching, but 
which will develop crocks and shafts filled with the clear electrolyte 
solution and persisting for several months. This phenomenon is 
not shown by the defloccuiai|^d paste, py means nf experiments ^ 
such as these, the concepts 6{ flocculation and deflocculation can ^ 
be taken over into the study of past^, although there are not 
necessarily any methods available for ^ying if any particular soil 
paste is flocculated or deflocculated. i 

Flocculation is no longer consideijid to be the cause of crumb 
formation, but it does affect the harness, the size and the water- 
stability of the crumbs. Crumbs or aggregates formed by dryujlg 
a soil or clay paste are harder and lar^r if the paste was deflocculated 
than if it was flocculated. Thus a^eflocculated4>aste of a sodMih 
soil yields, on drying, larger and ^«der aggregates than the 
of the corresponding calcium soil, Jrhich may or tnay not be floccu- 
lated. Similarly the addition o|pan electrolyte, such as sodSuM 
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chlorioA or sulphate, to the sodium clay paste results in smaller and 
softer aggregates. 

The dependence of the water-stability of crumbs on the state 
of flocculation of the paste from which they were derived seems 
to be that if a soil paste is flocculated the crumbs formed by drying 
it are water-stable in the sense that they will not fall back to a 
paste on re-wetting. If crumbs are not water-stable in this sense, 
that is if they fall back to a paste on wetting with water, they must 
have been derived from a deflooculated paste, though only some 
deflocoulated pastes yield water-unstable crumbs on drying. In 
Nature water-instability in this sense occurs mainly on alkali soils 
containing appreciable quantities of sodium carbonate or exchange- 
able sodium. Crumbs formed from these soils may, however, be 
water-stable if they contain sufficient salts or if they are wetted 
with saline water and not with rain water. These conditions are 
present in certain very arid irrigation regions, where the soil structure 
is stable to the salty irrigation water used, but is ruined by a shower 
of rain. 

The cause of this property of water-stability and instability is 
not known. Soils and clays only form unstable crumbs if they are 
saturated with heavily hydrated cations. A sodium soil always 
gives crumbs that fall down to a paste easier than the oorresppnding 
potassium soil, and magnesium soils give less stable crumbs than 
oalcium soils. Anytl^g which depresses the dissociation of the 
exchangeable cations %om the clay surface or, to be more exact, 
anything which reduces the electroldnetio mobility of the clay 
particle, increases the Vater-stability of the crumbs. 

The reasons why mineral soils can form crumbs are still debatable. 
There are at least three po||sible mechanisms at work, namely cementa- 
tion of the soil particles ||)y clay, by iron hydroxide and by water 
ifllms in the very fine pores between the smaller soil particles. 

Iron hydroxide can oeminly cement soil particles together, but 
it usually cements them mto hard non-porous concretions that 
behave as stones^ Lutz [lo\ in America has claimed, however, that 
ix^ certain tropical and suBrtropical soils the amount of crumb 
sttpucture present in the natiml soil is proportional to the amount 

free iron hydroxide presenli in them. Not enough facts are yet 
k^own for it to be profitabh^to discuss the mechanism of this 
O(^x|ientation. 

\ ®he theory that the water tons between the fine soil particles 
important factor in keepmg soil particles together has been 
profipunded, and though these W '^ter films must contribute to the 
of cohesion betu^n the soii\|^icles, there are still too many 
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unexplained diflSicultiefl to consider this as the sole mechanism 
involved. 

Cementation by clay particles is probably the most important 
mechanism enabling mineral soils to form crumbs. In soils con- 
taining little organic matter or free iron hydroxide it is probable 
that the clay particles form crumbs and that the silt and sand 
particles in the crumb are merely enmeshed, acting simply as an 
inert diluent or filler, and merely weakening and distorting the 
clay crumbs. This statement may need careful interpretation in 
those soils in which the silt and sand particles are themselves coated 
with a layer of clay, but such soils have not been critically examined. 

The conditions under which clay particles are bound together 
in crumbs have been studied in detail by Russell [11], who showed 
that crumb formation depends not only on the clay but also on its 
exchangeable ions and on the liquid in its pores. He found that 
for clays to form hard crumbs their particles must be small, probably 
less than ^ in diameter, they must have an appreciable base 
exchange capacity, have fairly small exchangeable cations, such 
as the simple metallic cations, and be obtained from a paste dis- 
persed in a polar liquid, such as water or ethyl alcohol, whose mole- 
cules are small. A polar liquid is one whose molecides have a 
permanent electric dipole moment due to a concentration of positive 
charge on one side and of negative on another of the molecule. 
The truth of this last condition can be easily demonstrated, for 
crumbs derived from a suitable clay paste dispersed in water or 
ethyl alcohol will be hard, those derived from the same clay dis- 
persed in nitrobenzene soft, while no crumbs at all will be formed 
if the same clay was dispersed in a non-polar liquid such as benzene 
or carbon tetrachloride. 

Russell explained these results of crumb formation by assuming 
that the bonds wliioh hold two clay particles together are dissociated 
exchangeable cations and orientated molecules of the polar dispersion 
liquid. The residual negative cliarges on two neighbouring clay 
particles and the positive charges on the dissociated cations orientate 
the polar molecules between them, as shown diagrammatically on 
p. 676, and it is bridges of these orientated molecules and 
dissociated cations that bind two clay particles together. 

This theory seems to be able to explain most of the phenomena 
of crumb formation but it suffers from the defect that it cannot yet 
be u^ for quantitative prediction of crumb strength. According 
to this theory the strength of a clay crumb depends on the strength 
and the number of these bridges or bonds between the individual 
clay particles. Unfortunately these two factors, bond strength and 
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bond number, which are fundamental in the theory, cannot be 
separated in any particular case, as there are no methods of measure- 
ment yet available for determining the number of cations that have 
dissociated from the clay surface. Thus, while the theory can pre- 
dict the relative strengths of different bonds, it can only explain 
the observed facts of the relative hardness of crumbs by assuming 
the relative degree of ionic dissociations. Fortunately the as- 
sumptions needed are in accord with commonly accepted ideas on 
relative ionic dissociations, but our confidence in the theory would 
be greatly strengthened if it could predict the relative hardness of 
crumbs when the degree of dissociation of the exchangeable cations 
in the clay crumbs was determined independently. 

The mechanism by which organic matter binds soil particles 
together into crumbs is still unknown. The organic matter is 
commonly pictured as acting as a cement which becomes more 
stable to rewetting the more it has been dried. Very little is known 
about what fractions of the soil organic matter take part in this 
action. It is known that the colloidal fraction dispersable in a 
dilute soda or ammonia solution, the so-called humic acid fraction, 
can bind fine sand and silt particles together into fairly stable 
crumbs. Some workers have claimed that only a certain firaotion 
of this dispersable organic fraction plays any active r 61 e in crumb 
formation, but their experimental evidence is unconvincing. It 
SMms to be a general property of this dispersable colloid. 
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Geltzer’s generalisation, however, may open up another line of 
research. This generalisation states, as already mentioned, that 
the more rapid is the rate of decomposition of the organic matter 
in the soil, the better will be the soil structure. The obvious expla- 
nation of this generahsation is that the substance responsible for 
this improvement of structure is a product of microbial activity 
and is itself fairly easily decomposed. It is probable, but not yet 
proved, that this improvement in structure is accompanied by the 
production of a mucus, that is of a substance that is sticky when wet. 
If this is found to be true Geltzer’s generalisation reduces to the 
statement that the greater rate of decomposition of organic matter 
in the soil, the larger is the amount of mucus in it and, consequently, 
the better is the soil structure. This has not answered the question 
of the composition of the mucus or of how it is produced, nor whether 
it is identical or similar to that of the readily dispersable organic 
colloids already discussed. 

The last decade has seen a great revival of interest in the effect 
of soil structure on the biotic conditions in the soil, largely due to 
the introduction of new methods of aggregate analysis. These 
methods have only recently been used extensively and it is still too 
early to say how far they will be able to give the type of information 
needed for interpreting the effect of soil structure on the growth 
of plants. 
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MAGNETIC ANISOTROPY OF CRYSTALS 

Br KATHLEEN LONSDALE, D.Sc. 

Davy Faraday iMbwaUtry, Hoyal InglUution, I/mdon 

Historical Introduction 

The attraction of the mineral magnetite for iron and the power it 
could impart to pieces of iron of similarly attracting other pieces, 
were among the earliest observed scientific phenomena, specula* 
tions as to the origin of these “ magnetic forces ” having been 
recorded by Lucretius well over 2000 years ago. 

Similar magnetic proiiorties were observed in cobalt and nickel 
soon after the discovery of those elements [1]. Isolated observa- 
tions in the late eighteenth and early nineteenth century showed 
that a magnet exerted a repulsive force on bismuth and one or two 
other substances [2]. These observations were not followed up 
and excited little interest at the time. 

In 1824 the mathematician Poisson published a remarkable 
memoir on the theory of magnetism which, although based on the 
untenable hypothesis of movable “ magnetic fluids,” gave a satis- 
factory mathematical formulation of the quantitative facts of 
magnetic action as then known. He suggested [3] at the same 
time that in crystalline matter the small “ magnetic elements,” of 
which he assumed magnetizable matter to be constituted, might 
be non-spherical and symmetrically arranged, and remarked that 
a finite spherical portion of such a substance would, when in the 
neighbourhood of a magnet, act differently according to the different 
positions into which it might be turned with its centre held fixed. 
” Such a circumstance not having yet been observed,” he excluded 
the consideration of crystalline structure from his researches and 
applied his theory only to matter consisting either of spherical 
magnetic elements, or of non-symmetrically disposed elements of 
any form. 

This magnetic anisotropy or variation of intensity of magneti- 
zation with direction in crystalline matter, so clearly visualized by 
Pdsson, was observed some seven years after his death in 1840. 
In 1846, Faraday, using a powerful electromagnet, found that quite 
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apart from the iron group of elements, a large number of substances 
were affected by a magnetic field and that the magnetic action could 
be either attractive or repulsive, the latter effect being particularly 
strong in the case of bismuth. On suspension in his magnetic field, 
which was not very uniform, an elongated mass of a “ magnetic ** 
substance would tend to set itself with its longest dimension in the 
line joining the N. and S. poles of the electromagnet {i.e, axially), 
whereas repulsive forces would cause a similarly elongated mass 
of a “ diamagneticj ” substance to set its longest dimension at right 
angles to the lino joining the poles (i.e. equatorially). These experi- 
ments, and the sound explanations which Faraday gave of them, 
led many other workers to explore the same field, both from an 
experimental and from a theoretical point of view. 

The German scientist Pliicker had a magnet built of the same 
size and power as that described by Faraday, his primary object 
being to investigate whether the fibrous constitution of plants 
affected their magnetic behaviour ; in the course of his work he 
decided to try whether crystalline structure had any influence. 
His first experiment gave a positive result. A plate of tourmaline, 
12 X 9 X 3 mm., when suspended in the magnetic field with its 
optic axis vertical, set itself axially, as an ordinary “ magnetic 
substance would do. When, however, the crystal was hung with 
its optic axis horizontal, the plate set itself equatorially, like a 
diamagnetic. Further experiments were carried out on magnetic 
and diamagnetic crystals of various symmetries, and Pliicker deduced 
the existence of an independent force, in no way connected with 
the magnetism or diamagnetism of the mass of the crystal [4]. 
He came to England in 1848 and showed his results to Faraday, 
who himself took up the research. Faraday^s intense interest in 
the subject is evidenced by the fact that over 200 pages of his 
diary, roughly one-sixteenth of the whole, are occupied by descrip- 
tions of experiments on various “ magnecrystallic ** substances and 
interpretations of these [5]. He defined a magnecrystallic substance 
(or as we should now say “ a crystalline substance showing magnetic 
anisotropy ’*) as ‘‘ one which in the crystalline state could conduct 
onwards or permit the exertion of the magnetic force with more 
facility in one direction than another.’* This anisotropy was at 
first deduced from the preferential orientation of crystals suspended 
in a magnetic field, but in 1850 Faraday succeeded in proving that 
bismuth was actually repelled with different degrees of force in 
different directions. William Thomson, in the course of a paper 
on the theory of magnetic induction in crystalline and non-crystal- 
line substances [6], remarked that no crystal had yet been found 
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which was magnetic in one direction and diamagnetic in another. 
Such an effect has, in fact, been discovered, but only within the last 
few years, for some very specialized alloys of bismuth [7] and of 
antimony [8J. 

Pliicker had tried to explain the behaviour of crystals in a 
magnetic field in terms of the position of their optic axes ; Tyndall 
and Knoblauch found exceptions to Pliicker s laws, and believed 
that an explanation was possible in terms of cleavage directions, 
but this theory also was found wanting [9]. Faraday himself 
hoped to find some relation between magnetism and the forces 
which build up crystal structure, and brought to this investigation 
an energy and thoroughness which caused Tyndall to write in 1 868 
[10] : “I have worked long myself at magnecrystallic action, amid 
all the light of Faraday’s and Pliicker’s researches. The papers 
now before me were objects of daily and nightly study with me 
eighteen or nineteen years ago ; but even now . . . they astonish 
me. Every circumstance connected with the subject ; every shade 
of deportment ; every variation in the energy of the action ; almost 
every application which could possibly be made of magnetism to 
bring out in detail the character of this new force, is minutely 
described. The field is swept clean, and hardly anything experi- 
mental is left for the gleaner.” 

Although Tyndall might be surprised at the amount gleaned 
from this field within the present century and particularly within 
the last few years, it is a fact that little new knowledge concerning 
the magnetic anisotropy of crystals was forthcoming for some 
thirty years after the time of Faraday’s experiments, when a few 
quantitative measurements wei*e made on crystals of bismuth, 
calcite and quartz [11]. 

General BEHAViotJE of Crystals in a Magnetic Field 

A discussion of the modem work in this subject may well be 
preceded by a description of the general factors affecting the be- 
haviour of a crystalline substance when placed in a magnetic field. 

Diamagnetism , — Diamagnetism is a fundamental property of all 
matter. That is to say, an imposed magnetic field will always cause 
an extra circulatory motion, or precession, of the electron orbits 
about the field axis, the atoms thus acquiring a magnetic moment 
which is opposed to the inducing field and is directly proportional 
to the field strength. The factor of proportionality, the diamagnetic 
susceptibility, is dependent on the electronic structure of the atoms 
and on nothing else. It is independent both of temperature and 
of field strength except in so far as these may influence the electron 
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density distribution. The susceptibility (magnetic moment/field 
strength) per unit volume is usually denoted by k, the susceptibility 
per unit mass by gram-atomic susceptibility (x&- atomic 

weight) by xa.- Classical theory and quantum mechanics give the 
same expression for Xa atom having spherical 

symmetry, or for an aggregate of atoms having statistical spherical 
symmetry, namely 

y. .I0»«2:r^ = - 2-83.10i«2:r* 

Groc* * n n 

where is the average mean square radius of the n electron orbits 
in a single atom, or more generally a measure of the average electron 
density distribution. The susceptibility is normally of the order 
of 10“« c.g.s.e.m.u., hence the diamagnetic effect is very small 
and a strong field (several thousand gauss) is usually required to 
induce any appreciable intensity of magnetization. If capable of 
translation a diamagnetic substance will move from the stronger to 
the weaker part of a magnetic field. A rod of isotropic diamagnetic 
material suspended in a uniform field will not move, either laterally 
or rotationally. There must theoretically be a very feeble tendency 
for it to set itself axially [9], but this effect is too small to be observed. 
In a non-uniform field a rod of isotropic diamagnetic material will 
set itself across the lines of force if free to rotate, because in that 
equatorial position the demagnetizing force is a maximum. If 
the material is not isotropic the above effects still exist and the 
rotational effect due to shaj^ may mask the magnecrystallic effect 
unless the magnetic field used is as uniform as possible, or unless 
the material is used in the form of a sphere. 

Paramagnetism . — It very often happens that the individual ions, 
atoms or molecules which constitute a particular substance are 
themselves little elementary magnets, that is to say, they possess a 
resultant magnetic moment. Ordinarily, these elementary vectors 
are arranged at random, so that the substance as a whole is non- 
magnetic. When an external magnetic field is imposed, there is 
a tendency to alignment of the atomic moments, that tendency 
being restricted by a number of factors, including the kinetic energy 
of the atoms themselves (dependent upon temperature), inter- 
action with neighbouring atoms (dependent on the nature of the 
substance) and crystalline symmetry. The very existence of a 
regular arrangement of atoms in crystals implies the presence of a 
strong field of force, sometimes called a crystaUine fields whose effect 
is to limit the response of the elementary magnets to the external 
magnetic field. The induced paramagnetic effect is in the same 
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sense as the external field and it is generally much greater than the 
universal diamagnetic effect. The latter may consequently be 
completely masked and is only observable in cases where the elemen- 
tary particles possess no resultant magnetic moment of their own 
and where this kind of paramagnetism therefore does not exist. 

The paramagnetic susceptibility (similarly defined as the induced 
magnetic moment /field strength) is independent of field strength 
except for very low temperatures and very strong fields (theoretic- 
ally, of course it must be possible to reach a state of saturation, 
when all the elementary atomic vectors point in the same direction), 
but its dependence on temperature is given by the expression 

Xa. = const./T - e, 

where T is the absolute temj>erature and 6 is known as the Curie 
temperature. This equation only holds for values of T greater than 
and not too close to fl. Below 0, whose value is characteristic of 
the substance considered, most substances so far examined become 
ferromagnetic. 

Ferromagnetism, — The characteristic properties of ferromag- 
netism are hysteresis and remanence ; the intensity of magnetization 
is no longer directly proportional to the field strength and the 
dependence on temperature may be quite different from that for a 
paramagnetic substance. Saturation is produced by comparatively 
low fields and alignment of the elementary magnets persists when 
the external field is removed. These elementary magnets in the 
case of ferromagnetic materials are not the individual atoms, but 
large groups or domains of adjacent atoms. Within these domains, 
whose average magnetic moment is from 10^® to 10^® times as 
great as that of a single atom, and whose maximum volume is 
about 10'® cm.®, there is a spontaneous magnetization due to a 
tendency to parallel alignment of the electron spins. Complete 
saturation within the domains can only occur at absolute zero, but 
at any given temperature each domain possesses a certain magnetic 
moment appropriate to its size, although the directions of magnetiza- 
tion of the domains may be distributed at random. The steep parts 
of the hysteresis curve correspond to sudden changes of direction 
of magnetization throughout domains due to the imposition of the 
external field. Saturation at any given temperature corresponds 
to a complete alignment of these directions of magnetization, 
though not, of course, of the electron spins within the domains, 
except at absolute zero. 

Although the intensity of magnetization in ferromagnetics is 
far greater than that in paramagnetics, they behave similarly In 
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respect of their movements in a magnetic field. Both tend to 
move towards the strongest part of a field. In either a uniform 
or a non-uniform field an isotropic rod, if free to rotate, will set 
itself axially, i.e. along the lines of force, the tendency to rotation 
being greater, the greater the non-uniformity of the field. Even 
in a uniform field, however, this tendency is no longer negligible 
in the case of ferromagnetic or strongly paramagnetic materials 
Where it threatens to mask an expected magnocrystallic effect it 
may, however, be annulled by surrounding the rod with a medium 
of its own mean susceptibility [12]. The use of a sphere of the 
material would eliminate the “ shape ” effect, but care must be 
taken that in grinding the sphere or spheroid strains are not set 
up which would introduce an extraneous magnetic anisotropy. 

Influence of Crystal Symmetry 

A truly isotropic material is one in which the atoms are all 
arranged at random, as for instance in a gas, most liquids and 
amorphous solids. A substance may be effectively isotropic if it 
is composed of microcrystals of absolutely random orientation. 
Diamagnetic and paramagnetic substances which crystallize in the 
cubic system also in general show no difference in behaviour, what- 
ever their orientation in a magnetic field. In crystals of low sym- 
metry, however, there are only three, mutually perpendicular 
directions, known as the axes of principal magnetization, along which 
the direction of magnetization coincides with the direction of the 
applied field. The susceptibilities along these directions are called 
the principal susceptibilities, and their values are in general unequal. 
A piece of non-cubio crystalline matter suspended in any magnetic 
field will tend to orientate itself so that the axis of maximum sus- 
ceptibility in the plane of rotation lies along the lines of force. 
If the substance is diamagnetic (x negative) this wiU be the axis of 
minimum numerical susceptibility. The magnetic anisotropy H^x 
is sometimes expressed as the difference of two principal suscep- 
tibilities, sometimes as their ratio. Uniaxial crystals have only 
two principal susceptibilities, along and perpendicular to the 
principal crystal axis. Such crystals are of special interest, because 
they include many metals and some of the commoner minerals. 
The average stisoeptibility as determined from a crystal powder is 
found to be the same as the mean of the three principal suscepti- 
bilities, when these are measured separately : = -^{xt -)-;?§+ x»)- 

I'erromagnetio crystals are unique in that the ease of magnetiza- 
tion in various directions, even in cubic crystals, is not the same. 
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There is no distinction between the orystallographically equivalent 
directions, such as [100] [lOO] [010], etc., but the ease of magneti- 
zation along such directions as [100] and [111] may diflFer consider- 
ably. It is clear that ferromagnetic anisotropy cannot be defined 
in terms of values of the susceptibilities along mutually perpen- 
dicular axes ; it is expressed instead in terms of the work required 
to magnetize unit volume of the crystal to saturation in any given 
direction. 

Wa = Ko + Ki(aa 2 a 32 + + Kjai^aa^aj* gives 

the value of this work /unit volume, to a first approximation, for a 
direction of magnetization making angles whose cosines are ai, aa, 
a 3 , with the cubic crystal axes. Ko is the energy of magnetization 
along a cubic axis ; Kj and K, are known as the first and second 
anisotropy constants, only the variations in K, having been studied 
with any great degree of precision. 

Determination of Anisotropy 

Determination of the anisotropy of diamagnetic and paramag- 
netic crystals involves the location of the principal susceptibility 
axes and measurement of the susceptibilities along those axes. In 
orthogonal crystals the axes of principal susceptibility coincide with 
the crystal axes, and in the monoclinic system one principal axis, 

coincides with the symmetry axis of the crystal. A procedure 
for the accurate location of the other two axes in the monoclinic 
system, or of all three axes in the triclinic system, has been described 
recently by Krishnan and his collaborators [13], whose method gives 
results correct to within a degree or so. They use crystals of natural 
shape, and therefore, in order to eliminate the effect of the shape 
and leave only the effect due to crystal anisotropy, they use a mag- 
netic field as uniform as possible, if necessary surrounding the crystal 
by a liquid of its own mean susceptibility. 

Instead of measuring absolute susceptibilities along the three 
principal directions, it is generally much more accurate to measure 
the susceptibility along one axis only, preferably along the axis of 
maximum susceptibility, and then, by a differential method, to 
determine the difference of susceptibility between that and other 
directions. Various methods of determining the absolute suscep- 
tibility in a given direction have been used [14], but the one most 
useful for small single crystal specimens is that devised by Rabi 
[16] and modified by later workers in the same field [16]. It depends 
on the fact that when the volume susceptibility of the medium 
surrounding a crystal is equal to the volume susceptibility of the 
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orjrstal in any particular direction, then there will be no lateral 
force acting on the crystal even in a non-uniform field. The crystal 
may be suspended by a fine quartz fibre in such a way that the axis 
of maximum susceptibility can set itself naturally along the lines 
of force, or it may be freed from all external constraint by using as 
the surrounding medium a mixture of two liquids each of the same 
density as that of the crystal but of different susceptibilities. The 
susceptibility of the mixture is varied until there is no lateral move- 
ment of the crystal, and it is then measured by the Gouy or any 
other suitable method. 

If a crystal is suspended by a vertical quartz fibre in a uniform 
magnetic field, the force tending to bring its axis of maximum sus- 
ceptibility in line with the field will be directly proportional to the 
difference of principal susceptibilities in a horizontal plane. That 
force can be computed, and the anisotropy deduced, either by a 
method involving the time of oscillation in the magnetic field, or 
by meastmng the torque on the quartz fibre which will exactly 
balance the restoring force due to the field [13]. The last method 
has been so refined by Krishnan and his co-workers that they have 
been able to measure the anisotropies of crystals weighing only 
0-1 mg. [16]. The volume susceptibilities of most diamagnetics are 
of the order of 1()~* c.g.s.e.m.u. or less ; those of the most powerful 
paramagnetics may perhaps be one hundred times as great. In 
either case the permeability (total flux per imit volume/field strength ; 
/z = 1 -f 4;rK) is approximately unity. The permeabilities of ferro- 
magnetics, esjwcially in the direction of easy magnetization, can 
attain values up to a million, and a different technique is therefore 
required for their measurement. Torsion methods involve the use 
of a disc or oblate spheroid, cut from a single crystal and suspended 
in the magnetic field in various orientations. Measurements of the 
torque exerted by the applied field will give the first anisotropy 
constant K, directly [17], or magnetization curves may be plotted 
for those directions in which the magnetization and effective 
magnetizing field remain parallel, that is, for the [100], [110] and 
[111] directions in a cubic single crystal. Williams has recently 
developed a very elegant method by means of which the anisotropy 
may be measured not only for high fields, in which the magnetiza- 
tion approaches saturation, but also for low fields, where normally 
a large demagnetizing field in the specimen itself introduces unoer- 
tainties. From a large single crystal some 1x1x2 cm. he outs 
hollow parallelogram sections (“ picture-frames ”) the sides of which 
are parallel to certain crystallographic directions. These are care- 
fully etched and annealed to remove all strain due to the cutting 
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prooefises. The crystals then form closed magnetic circuits, which 
are wound with a primary and secondary, the magnetization curves 
being plotted with the help of a Haworth fluxmeter [18]. 

Modjehn Lines of Investigation 

Diamagnetic Crystals . — Since diamagnetism depends only on the 
electron structui-e of matter, it may be expected to throw light on 
that particular problem. The mean susceptibility of organic com- 
|>ounds is, as Pascal pointed out some thirty years ago [19], an 
additive property, in that the molecular susceptibility Xu ^ 
compound having the formula A^B^Cy ... is given by the equation 
Xm == where a, /3 . . . are the numbers of atoms of 

susceptibilities xa^ A is a small constitutive correction 

factor, determined by the valency bonds. Even in the solid state 
|t is clear therefore that the mutual influences of neighbouring 
molecules must bo negligible. The anisotropy of a single crystal 
must be due to the anisotropy of the unit cell, which in its turn is 
the resultant anisotropy of the component individual molecules. 
If the electron distribution in the molecule is such tliat the molecule 
is approximately isotropic from a magnetic point of view, then the 
crystal will show little or no anisotropy. If, however, the molecule 
possesses considerable anisotropy, the degree to which the crystal 
reveals that anisotropy will depend entirely upon the arrangement 
of the molecules. The molecules may be arranged in more or less 
parallel positions (layer or chain structures), in which case the 
crystal anisotropy will bo nearly as large as that of the molecule ; 
it cannot be larger. Or the molecules may be so arranged that their 
anisotropies cancel out, as for example in cubic crystals. Most 
recent research has been concerned with layer structures. 

Inorganic and Organic Salts. — Carbonates, nitrates and oxalates 
have been found to possess a relatively high anisotropy as compared 
with the corresponding sulphates and selenates. The minimum 
(maximum negative) susceptibility is normal to the plane of the 
carbonate, nitrate or oxalate radicle as revealed by X>ray analysis. 
The sulphate and selenate groups, being possessed of approximately 
tetrahedral symmetry, are relatively isotropic in their opposition 
to the applied magnetic field [12] [16]. 

Ring Compounds . — ^The most striking diamagnetic anisotropies 
are shown by the aromatic organic compounds, whose molecules 
contain single or condensed benzene [13], cyanuric or phthalocyanine 
rings. Since many of these compounds have undergone a complete 
structure determination by X*ray methods, and the orientations 
of their molecules in the crystal framework are accurately known. 
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it has been possible to deduce, from the principal crystal suscep- 
tibilities and the molecular direction cosines, the principal suscep- 
tibilities of the individual molecules. Some results are given in 
Table I. 


TABLE I. 



(^ratn. Molecular BuBoepUhlUtlea of Hcdeculo. 

Hubfttance and Formula. 




- 




~K,.10* 

Naphthalene, Cw,Hi 4 

Anthracene, CnHig 

56- 1 

53-9 

169.0 


62-6 

251-8 

Chrysene, 

88*0 

83'3 

310-8 

Cyannric trichloride, C^NjCIa 

70-9 

71-2 

101-3 

Metal-free phthalocyanine, 

165 

120 

982 


X-ray analysis has shown that all these molecules possess a plai 
configuration ; K„ K, lie in the plane of the molecule, K, is per;- 
pendicular to that plane [20]. 

Various suggestions have been put forward to explain the large ; 
diamagnetism along K, in terms of large electron orbits in the 
molecular plane [21], the most fruitful suggestion being that it is 
the aromatic or resonance electrons (one to each carbon or nitrogen 
atom in the ring) which occupy orbits of molecular instead of atc’*]^o 
size. Even more recently London [22] has provided a satisfacV^ 
quantum mechanical basis for the molecular orbital theory 
case of aromatic molecules within a magnetic field, and has obtijned 
excellent numerical agreement between theory and observatJfcn., » 

In favourable oases, where the molecular anisotropy t^n be 
estimated with some accuracy, it is sometimes possible to deduce 
the molecular orientation in crystals from magnetic measurements 
alone, thus providing valuable assistance in the initial stages of an 
X-ray investigation [23]. 

Oraphite . — Carbon crystallizes in two forms, diamond (cubic and 
therefore isotropic), and graphite (hexagonal). Graphite is strongly, 
anisotropic, its gram-atomic susceptibilities along and normal to 
the hexagonal axis being Xw — ~ 264- 10“*, xi — ~ 6‘lb“‘ [24]. 
The usual explanation for the large value of X\\> which is strongly 
dependent on temperature, particle size and presence of impurities, 
is that there are loosely bound electrons occupying large orbits in 
the basal plane. 

Bismuth and Other Diamagnetic Semi-Metals and AUoys . — ^The 
mean mass susceptibility of bismuth in the solid state is about 
— 1'36.10~* at room temperatures. Just below the melting-point 
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|t is — 1’02.10“® ; that of molten Bi is only — O-OS.IO'”®. Similar 
but less striking changes take place for other metals and semi- 
metals [25], whereas the mean susceptibilities of inorganic and 
organic salts vary little, if at all, with change of state [26, 16]. 
This clearly indicates a quantitative dependence of susceptibility 
upon the electronic structure of the metals, and Jones [27] has 
succeeded in explaining the general features of the anisotropy of 
bismuth [28] and of bismuth alloys [29] in terms of the Bloch theory 
M metals. 

Paramagnetic Crystals , — Table II shows the mean susceptibility 
and magnetic anisotropy of some of a group of isomorphous (i.e. 
structurally similar) crystals examined by Krishnan and his 
[joUaborators [30, 12]. 

TABLE 11 


'.FI^04(NH,),804.6H,0 
Cofe04(NH4),804.6H,0 
NiS 04 (NH 4 )iS 04 . 6 H ,0 
Ili||b4(NH4),804.6H,0 
Z J||L(NH4),804.6H ,0 
NiS<3(|K,S04.6H,0 
8 lnScsiij.Tl,So 04 . 6 H ,0 


Mean Grai«*mol. 
SiwceptiblUty 
A.IO* 


11480 

9590 

8067 

13830 

Diamagiiotic 

3970 

14200 


(ilrain-niol. Anisotropy at 
Jluoni Teniperaturo 
Ax.lO* 


fXi - Xa ^582 
IXi-X. - 213 
Xi ~ Xa •'^^23 
lxi-x.-1641 


Xi Xs 
IXi ~ Xa ’ 
fXi Xi 
Ixi - X8 
jXi - Xa 
IXi ““ Xi 
j Xi Xi 
(Xi - Xi 
(Xi - Xa ’ 
Ixi Xa 


no 

106 

8-7 

60 

1-2 

0-8 

158 

155 

10-2 

8-5 


The magnitude of both and are clearly dependent on the 
nature of the paramagnetic ion, that is, on the ion containing an 
incoitoplete ijlectron group or an unpaired spin. If there is no such 
ion, the salt is diamagnetic and the small anisotropy is due to 
differences in the projected electron density distribution in the 
directions of the principal axes. 

The quantum theory of paramagnetism has successfully explained 
many of the experimental results [31]. It relates the behaviour 
of the elementary magnets to the spectroscopic state of the ions, 
and cannot be Mly understood except by the use of spectroscopic 
terms. These elementary magnets, which are the electrons them- 
selves, possess angular momentum (and therefore a magnetic 
moment) in virtue of their orbital imtion about the nucleus or some 
other centre and also because of their spin motion^ each electron 
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being an elementary gyroeoope. Most of the electrons compensate 
each other but paramagnetism arises where there is a resultant 
moment. In the presence of a magnetic field these moments, 
normally distributed at random, assume certain discrete orienta- 
tions, whose number is limited by the spectroscopic state of the 
ion ; the energy required to bring about alignment of these moments 
with the direction of the field varies from one orientation to another. 

The presence of an electric field, such as occurs in crystals, 
limits the initial orientations of the orbital moment in the field, 
without affecting the spin moment except indirectly. If the crystal- 
line field is asymmetric, it follows that a magnetic carrier whose 
orbital moment has been thus “ frozen ” will be less free to align 
itself in some directions than in others. The crystal will be mag- «i 
notically anisotropic. Magnetic carriers which have no resultant 
orbital moment, but only a spin moment, though they may possestf' 
considerable paramagnetism, will show little or no anisotropy, 
because of the comparative fi«edom of the spin moment from 
crystalline influence. 

Rare-earth Salts . — ^Tho mean susceptibility of rare-earth salts 
has been measured with considerable precision ; it indicates that 
in their ions there is a strong ooupli^ between the orbital and 
spin moments, probably due to the fact that the incomplete group 
of electrons is a sub-shell which is shielded by an outer inert gas 
configuration of eight electrons of higher quantum number. It was 
formerly believed that in these salts the crystal field was predomi- 
nantly cubic, owing to the probable octahedral arrangement of six 
oxygen atoms about the paramagnetic ion. Recent measurements 
by Krishnan and Mookherji [32j have shown that the magnetic 
anisotropy is considerable, indicating that there most be a rhombic 
crystal field of definite orientation acting on the ions, the departure 
from cubic symmetry being quite large. 

Salts of the First Transition Series of Elements.— In ions of the 
transitional groups the incomplete sub-shell lies outermost and the 
orbital moments, being relatively loosely coupled to the electron 
spin, will be easily affected by a disturbing crystalline field ; marked 
crystal anisotropy and considerable deviations from the Curie law * 
at low temperatures are therefore to be expected. The anisotropy 
of the mineral siderose (mainly FeCO,) is so large that it has been 
used, in a direct reading instrument called a gaussmeter, for the 
measurement of magnetic field strengths [33]. Where the orbitid 
moment is zero, as for example in the Qd+++, Pe^+'^ and Mn+'*‘ 
ions, experiment agrees with theory in showing little crystal anisO' 

* X •” cotwt./T, where T ia the absolute temperature. 
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taropy, and a close adherence to the Curie law [34]. From a study 
of the small anisotropy that does still exist Krishnan and Banerjee 
were able to deduce the Curie temperatures of certain manganous 
salts and hence to predict the entropy-temperature and specific 
heat temperature curves of their crystals in the neighbourhood of 

0-rK. [12], 

It will be seen from Table II that the anisotropy of Ni^ ^ salts 
is much less than that of Co^^ salts. The quantum theory has 
been strikingly successful in explaining this apparent anomaly and 
has predicted that, whereas in the above salts the ions are octa- 
hedrally surrounded by negative charges, if a tetrahedral field could 
be attained the order of anisotropy would be reversed [35]. Krish- 
nan and Mookherji have recently measured the anisotropy of single 
crystals of C 8 ,[CoCl 4 ] and of Cs,[CoCl 4 ]Cl, in which there is such a 
tetrahedral field, and have found, in agreement with the prediction, 
that here the anisotropy of Co^ ^ is very small [36]. 

Complex /Sa/fo.— Little work has yet been done on the aniso- 
tropies of complex salts. An interesting investigation by Jackson 
on Ka[Fe(CN) 4 ] has revealed an anisotropy of nearly 100 per cent, 
at low temperatures [24]. Quantum mechanical methods have been 
applied by Howard [37] to give a quantitative explanation of this 
effect. 

Ferromagnetic Crystals . — The domains in ferromagnetic crystals 
are not apparently identical with the crystalline grains which form 
the mosaic structure of a single crystal. The electix) 8 tatic exchange 
forces which bring about the initial alignment of electron spins are 
very much stronger than the crystalline forces, although the latter 
determine the particular direction along which alignment shall 
take place. The direction of easy magnetization in single crystals 
of iron is along the cubic axis. In an unmagnetized iron crystal, 
therefore, the elementary magnets (spin directions in individual 
domains) are pointing in six mutually perpendicular directions. 
Initial magnetization at very low fields corresponding to the portion 
AB of the magnetization curve (see Fig. 1 ), takes place by very 
small displacements of the boundaries of the domains [38]. Domains 
already magnetized more nearly in the direction of the applied field 
gain a few atoms at the expense of less favourably magnetized 
domains. For somewhat higher fields magnetization proceeds by 
the discontinuous orientation of the spins of individual domains 
[89], so that they are brought, one at a time, into the direction of 
easy magnetization nearest to the field direction. This corresponds 
to the steep part BCD of the magnetization curve ; and if the 
imposed field corresponds to a cubic axis, saturation is reached when 

Y Y 
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all the elementary magnets are aligned parallel to that axis. If, 
however, the field is imposed in some other direction, say [110], 
further work must be done in rotating the groups out of the direction 
of easy magnetization and into the field direction (portion DE of 
magnetization curve). All this is shown very diagrammatically in 
Fig. 1, only two of the possible six initial orientations being 
illustrated. 


£-H n ' [mo] 



Satuf*ation 


Magnetisation curves for 
single crystal, with field 
parallel and hto] 


H 



norma! to plane of diagram 


Fro. 1. 

/row, Cobalt and Nickel , — Iron orystalliases in a body-centred 
cubic structure at room temperatures, the work required to 
magnetize a single crystal to saturation being greater for [111] 
directions than for [110], and greater for [110] than for [100]. In 
mckel, which is face-centred cubic, the order of increasing ease of 
magnetization is reversed, being [100]->[110>->[111]. Cobalt is 
hexagonal at room temperatures, magnetization being easy along 
the hexagonal axis, difficult in the basal plane. 
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MoKeehan and his students have made a study of the Fe — Co — 
Ni alloys in an attempt to determine how the anisotropy constants, 
Kj and Kg, vary with chemical composition, crystal structure and 
temperature [40]. It is found that K i is not very structure-sensitive. 
The order of ease of magnetization can vary with temperature and 
alloying owing to changes in the relative values of Ki, K, [41]. 
There are regions in which both Ki and Kg are very small, the 
alloys then being almost completely isotropic. 

A summary of the various theories put forward to explain the 
origin and variations of K,, Kg, has recently been given by Van 
Vleck [42]. 

When a rod of iron is magnetized its length increases slightly ; 
this is one example of what is known as magnetostriction. The pro- 
cesses of cold-working can prodiK?e considerable strain in crystals, 
and so can phase transformations and the presence of chemical 
impurities. Abrupt changes in orientation of the spins in the 
domains may cause considerable internal strain. The direction of 
easy magnetization in a strain-free crystal may difler entirely from 
that in one which is subject to strain, and recent experiments have 
shown that crystals from which the random strains have been either 
removed or dii’ected can attain enormous permeabilities. Single 
crystals of silicon-iron [18], of permalloy and of pure iron [43], 
which after ordinary heat treatment have been again carefully 
annealed in the presence of a small magnetic field have had perme- 
abilities of over 1,300, 000 in the direction of easy magnetization. 
The maximum ijermeabilitios in less-favom'ablo crystal directions 
are only one-tenth or one-hundredth of this value. A recent article 
by Bozarth [44] gives an excellent summary of up-to-date knowledge 
in this field. 

Magnetite, FegOi, th© substance whose ferromagnetic properties 
were known so long ago, forms cubic [45] crystals in which the 
variation of magnetization wdth direction is similar to that in nickel. 

Pyrrhotite, a hexagonal [46] crystal of approximate composition 
FeS, has one direction (normal to the hexagonal axis) in which there 
is normally spontaneous magnetization. The hysteresis curves for 
an applied field in this direction ore simple rectangles, the intensity 
of magnetization changing sign abruptly for a coercive field of about 
16 gauss. Normal to this direction and to the hexagonal axis an 
applied field of about 7300 gauss is needed for saturation, while 
parallel to the axis the crystal is virtually paramagnetic, the field 
required for saturation being about 160,000 gauss. 

Many of the ferro-magnetic compounds have second, non- 
ferromagnetic forms. 
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THE EXPERIMENTAL CONTROL OF 
THE SEX RATIO 

By AKTHUR WALTON, B.So., Ph.D. 
iichool of AffricuUure, Tho Unioertity of Cambrulffe 

Since tlie genetic theory of sex determination has become established 
it is clearly not profitable to discuss theories of sex determination 
which do not conform to established principles. There are, how- 
ever, several possible ways in which sex might be controlled within 
the framework of gehetical theory. In this paper three such possi- 
bilities are discussed. In Fig. 1 the framework of genetical theory 


male parent female parent 



is shown for mammalian sex determination. The male parent, 
being digametio, produces spermatozoa of two sorts x and y, which 
are female and male determining respectively. The female parent 
produces only the one sort of egg (x). According to whether the 
egg is fertilised by an x or y sperm, the embryo will in the process 
of growth take the path of sexual differentiation in either the femtJe 
or the male direction. In the diagram three possible modes of 
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sex control are indicated, parthenogenesis, sex reversal and gametic 
separation. 

Parthenogenesis is a normal mode of reproduction in many 
invertebrates, for example in insects. It can be induced artificially 
in invertebrates such as the echinoderms. It has also been induced 
in amphibia. In mammals, however, the difficulties involved in 
manipulating the unfertilised ovum are very great, but noticeable 
progress in this direction has been made in recent years (see Pincus 
(1936)) and parthenogenesis to a certain stage of embryonic develop- 
ment has been observed. The sex of a parthenogenetic mammal is 
problematical. If the embryo remains haploid a male possibly 
would result. If, as is more likely, fusion of nuclei occurs witli 
a return to the diploid condition a female would be formed. 
Although a possible mode of sox control, parthenogenesis in the 
mammal still offers too great difficulties to be considered practicable 
even in the near future. 

In much the same way wo may consider the question of sex 
control by means of sox reversal. Although the genetic mechanism 
determines the path which the embryo will normally take, the 
embryo is never so completely stabilised as to be incapable of 
deviation from that path. In many invertebrates sex reversal is 
still possible in adult life, as for example in the oyster. Abnormal 
sex reversal has been described in amphibia and birds, and to some 
extent in mammals, for example the free martin.* In birds consider- 
able progress has been made in the experimental approach to the 
subject starting with the pioneer work of Minoura (1921) and 
Greenwood (1926) and the more recent experiments of Willier, 
Gallagher and Kock (1936), and others who have shown that sexual 
differentiation in the chick can be affected by injection of sex 
hormones into the developing egg. Similar operations on the 
mammalian embryo have been attempted and no doubt progress 
will be made, but at present sex reversal as a practical method of 
sex control must be regarded as visionary. It should be noted, 
however, that if sex reversal were complete and the animal fertile 
the sex ratio of the offspring of these animals would be largely 
affected. Thus an individual originally a female with genetic consti- 
tution XX functioning as a male would produce only female offspring. 
An individual originally a male with constitution xy functioning as 
a female would produce offspring in the ratio of 1 xx, 2 xy and 1 yy. 
The latter probably would be non-viable. 

The thiM possible mode of sex control is by separation of the 
x and y spermatozoa. This method has great advantages over the 
* A calf showing sex aberration. 
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others in involving little or no operative interference. The tech- 
nique of obtaining spermatozoa and subjecting them to experimental 
treatment without loss of fertilising capacity has reached a high 
standard of perfection. The transport of semen and its use in 
artificial insemination has been widely used in Russia. At Cam- 
bridge we have exchanged ram semen with Poland and bull semen 
with Holland. From Washington, U.S.A., bull semen has been 
sent to Buenos Aires — a journey which took seven days. If to 
the practical value of semen transport one could add that of sex 
control further considerable economic advantages would accrue. 

A great many statistical enquiries and many experiments have 
been published in which a disturbance of the sex ratio has been 
claimed and in which separation or differential survival of the 
sex determining spermatozoa has been jxwtulatod. In many cases 
due consideration has not been given to the statistical significance 
of the data. Table I, kindly computed for me by Dr. Wishart, 
shows the deviation from equality which may be expected to occur 
by chance for different numbers of offspring (n) and with two 
probabilities p = 0-06 or 1 in 20 and p = 0-01 or 1 in 100. Examin- 
ation of the table will show that only when n is large and the 
deviation great can results be regarded as statistically significant. 
For this reason many experiments carried out on a small scale can 
only be classified as “ not proven ” and requiring confirmation. 
In this paper I have chosen only certain experiments in which the 
evidence for or against sex control appears satisfactory. 

TABLE I 

Chance Variation in Sex Ratio 


n 

•.e. 

p 0 05 

1 in 20. 

l» - 0 01 

1 in 100 

10 

1-58 

8:2 

9:1 

20 

2*24 

14:0 

16:5 

30 

2-74 

20: 10 

22:8 

40 1 

1 310 

20: 14 

28: 12 

60 

1 3 64 

31 : 19 

34: 10 

100 

600 

69:41 

02 : 38 

600 

1M8 

271 : 220 

278 : 222 

1,000 

16-81 

1 630 : 470 

640 : 400 


Since genetic differences in spermatozoa were first established 
many attempts have been made to establish actual ditnorphism. 
Zeleny and Faust (1915) first described a bimodal distribution of 
head-length frequencies in spermatozoa, and their findings were 
supported by Wodsedalek (1920), Parkes (1926) and many othere. 
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More recent research on mature spermatozoa has, however, cast 
doubt on the significance of these results. Normal mature sperma- 
tozoa show little variation in head measurement and bi- or ix)ly- 
modality only appears in abnormal sj^ecimens (Lush (1925), Williams 
and Savage (1 925)). However, the possibility of dimorphism follow- 
ing genetic constitution led to experimental attempts at separation. 
Lush (1925) centrifuged suspensions of rabbit spermatozoa and 
inseminated females with the denser and less dense portions, but 
obtained no difference in the sex -ratio of the offspring. In 1924 I 
investigated the possibility of effecting a separation by means of 
cataphoresis, that is to say by placing the spermatozoa in an electric 
current between two electrodes, but I did not reach definite con- 
clusions. Koltzoff and Schroder (1933) and Schroder (1934) claim, 
however, to have had success with this method. Their fundamental 
assumption is that the male determining and female determining 
spermatozoa are differently charged so that they drift to the negative 
and positive poles resj)ectively. Insemination with sj^ermatozoa 
from each pole gave an excess of females or males as the case might 
be. The separation was, however, never complete and varied with 
external factors such as temperature and the nature of the medium. 
The actual data are few and of doubtful significance. Machowka 
and Schegaloff (1935) question the fundamental assumption of 
Schroder that the spermatozoa are differently charged. They found 
that all spermatozoa ore negatively charged. They found, however, 
that in the electric current the spermatozoa are orientated towards 
the negative pole so that they swim in that direction, although at 
the same time they tend to drift towards the positive pole. If 
the external conditions are just right a separation can be affected 
between those which swim actively to the negative pole and those, 
less active, which drift to the positive i)ole, but they failed to obtain 
any disturbance in sex ratio. Further research on this method is 
clearly indicated. 

Claims have also been made to control sex by means of alteration 
in the reaction of the vagina. Some mild alkali or acid, usually 
bicarbonate of soda and lactic acid is used to wash out the vagina 
before copulation. This method has been advocated for human 
use. Schumacher (1934) criticizes this method, points out that 
it may possibly be harmful and could find no evidence to support 
the hypothesis, either from data on the human subject or in an 
extensive experiment with rabbits. Some data, which in collabor- 
ation with Miss Whetham I obtained (Walton and Whetham (1934)), 
are shown in Table II. These results also indicate no disturbance 
of the normal ratio. 
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ErFKOT OF Acid and Adkau on S»x Katto 




Controln 
lllngor #c^I. 

Add 

01% 

Alkali 

0 6% Na. Bic. 

TotAl . . . 


44 : 48 

41 : 44 

1 34 : 39 

Males per cent. . 


48 

48 

1 47 

t 


One further approach to the possibility of separating the two 
sorts of spermatozoa is that of subjecting them to conditions in 
which there is differential mortality « Machowka, Jaskow and 
Schegaloff (1936) claim to have obtained with sjwmatozoa sub- 
jected to an electric field of high-frequency current a sex -ratio of 
69-56 per cent, females, on a total of 368 offspring. A result which 
is at least formally significant. In this case it will be noted that 
there was an excess of females, indicating a higher mortality among 
the male determining spermatozoa. In Table III are shown some 
results obtained with rabbit spermatozoa which had been stored for 
various periods outside the body before insemination. In the first 
series (Walton (1930)) in which the spermatozoa were taken from 
the vas deferens there is a regular increase in the number of males. 
Taking each period separately the results are not higWy significant, 
but taken as a consecutive series the probability that such a result 
could be due to chance is small. In this case it would appear that 
the female determining spermatozoa were less viable. In the second 
series (Hammond (1930)) the effect of storage is not definite. There 
is actually a slight excess of females, but not very significant. 


TABLE III 

Sex Ratio of Stobed Spbbmatozoa 
from vaa d^erena 



Controla. 

let I'eiiod. 

2ml Period. 

3rd Period. 

4th Period. 

Total 

Males per cent. . 

205 : 200 
60 

145 : 134 
52 

1 t 

1 

178 : 170 
54 

75:68 

66 

28:16 

63 


from vagina 



Houn Stored. 

0«24. 

2(M8. 

60-72. 

74-00 

Total 

Males per cent. 

165 : 153 

50 

40: 54 

43 

60:76 

48 

26:20 

46 
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To summariae these results on gametic separation, I think it 
may be said that although the majority of experiments have as yet 
yielded negative or doubtful results there is some evidence that 
under certain conditions as yet unspecified, there is a differential 
mortality of one or the other of the two sorts of spermatozoa. If 
subsequent research can elucidate these conditions sex control by 
means of gametic separation and artificial insemination might 
become practicable. 
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RECENT ADVANCES IN SCIENCE 

MATHEMATICS. By J. H. C. Whitewsad, M.A., Balliol College, Oxford. 

Continuing with the foundations of the theory of abstract groups, 
the next set of theorems have to do with sub-groups and homo- 
morphism (not to be confused with the topological term homeo- 
morphism). A sub-group G#, of a group G is a sub-set of the 
elements of G which satisfies the conditions 

1. If aeGt then o~*eGa (c means “ is contained in ”). 

2. If asGt and beGo then o6eG«. 

3. G, corUaine at least one eUment. 

It follows that ecGg. For G, contains at least one element, say 
a, and from the first two conditions we have o'^eG, and (a'^a)eGa. 
Therefore the elements of Gt, with the law of multiplication of G, 
themselves constitute a group. We agree that Gj may be G itself. 
On the other hand G, may consist of the single element e. 

Let G and H be given groups and let a: y = f{x) be a single- 
valued transformation under which each element x, of G corresponds 
to an element y, of H. This transformation need not have a single- 
valued inverse, nor need every element of H be the image of an 
element of G. For example f{x) might be the unit element in H for 
every a; in G. The transformation f is called a homomorphim if 

f(xx') ^f{x)f(x') 

for every pair of elements x and x' in G, where f(x)f{x') refers to 
the multiplication of H. If evray element in H corresponds to 
at least one element in G, then / is called a homomorphism of G on 
H. Otherwise it is called a homomorphism in H. A homomorphism 
of G on H with a single-valued inverse (that is to say such that 
f[x) —f{x') implies x = x') is called an immorphism, and an ankh 
morphism if H is the same group as G (to say that H is the same 
group as G means that G and H not only have the same elements 
but also the same “ multiplication table "). A particularly im- 
portant class of automorphisms are the inner autornorphUms. Let 
a be a fixed element in a group and let 

/„(*) = axa-\ 
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where a; is a variable element in G. Then 

faixx') = a(xx')a~^ 

— (oxo“‘)(oa:'a"*) 

Moreover, a" ^xa = a ^x'a, implies x = a'^^ax'a^^a = x\ and if 3/ is 
any element in G, then a{a^^ya)a'^^ y. Therefore the trans- 
formation 

y ==/o(a^) 

is an automorphism of G. Such an automorphism is called an 
inner automorphism. The resultant of followed by is given by 

y =/«{/«(*)} 

= b{axa *)6 ' 

= (6a)a:(o~’6“’). 

It is easy to verify that is the inverse of ba and it follows 

that the inner automorphisms constitute a group. Moreover, 
writing /(/„ for the resultant of /„ followed by /j,, we have 

fbfa — fba 

Therefore the correspondence 

= ^(a) 

is a homomorphism of the original grtmp G on the group of inner 
automorphisms. 

Let y =/(x) be a homomorphism of G in H. It is cosy to 
verify that the set of elements in H which correspond to elements 
in G constitute a sub-group H», of H. That is to say, any homo- 
morphism of G in H is a homomorphism of G on some sub-group 
of H. Clearly the function / determines a homomorphism of any 
sub-group of G on some sub-group of H#. In particular let / be 
an automorphism. Then each sub-group G#, of G, is transformed 
into a sub-group /(G,). Any two sub-groups are said to be con- 
jugate to each other if one is transformed into the other by an 
inner automorphism. A sub-group which is invariant under the 
group of automorphisms is called a sdf-conjugaie or an invariant 
sub-group. The individual elements of an invariant sub-group 
need not be invariant. In fact, an invariant sub-group G, may be 
defined as one which satisfies the condition a»i''^eG, if xeG, where 
a is any element in the original group G. 

Many of the most important theorems in the theory of groups 
and their af^Hoations have to do with invariant sub-groups. To 
illustrate this let us turn back to the relation between geometry 
and transformation groups. Let G be any transformation group 
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in a space S and let ^ be any class of %ure8 in S. The transfoma- 
tions in G which leave ^ as a whole invariant (i.e. not necessarily 
the individual figures in form a group Gi. For, using small 
letters to denote the transformations of G, if a<f> — <l> and b<f> — <f> it 
follows that 

ba^ b<l> = <f>. 

Similarly, the transformations which leave each figure in <ft in- 
variant form a sub-group G», of Gj. I say that Gj is invariant 
in Gi. For let F be any figure in ^ and o and x any transformations 
in Gi and Gt respectively. Then 

cmi"‘(F) = ax(a“‘F) = o(a~’F) 

= (aa->)F ==F, 

since o“‘F£^ if aeG, and a;Fi = F, if F,e0. That is to say, a:ro''fG, 
and G, is invariant in Gi. Again, let G, be any transformation 
group in S and G i an invariant sub-group of Gi. Then the property 
of being equivalent under the transformations of G, is invariant 
under the transformations of Gi- For let F' = xF, where xeGt, 
and F/ = oF, F/ = oB’', where ocGi. Then 

Fi' = oF' = oxF = (axo"‘)F„ 

and axo~*£G„ since the latter is invariant in G,. 

By way of example, let S be the projective plane, referred to 
homogeneous co-ordinates (x, y, z), and let G be the projective 
group, given by 

x' = o,x -f biy + c,z 
y' = o,x -f 64/ 4 - c,2 
z' = a,x + b,y -f c,z, 

where the determinant of the coefficients is unity. Let ^ be the 
line 2 = 0 , the “ figures ” in ^ being the single points on this line. 
Then, using non-homogeneous co-ordinates (X,Y),Gi is the " affine ” 
group, given by 

X' = A,X + B,Y -1- C, 

Y' = A,X -t- B,Y -I- C„ (A»B, - A.Bi 0), 

and Gi is the group of translations 

X' = X-fC„ Y'=Y+C., 

which, as one can verify by direct calculation, is invariant in Gj. 
Two lines are equivalent under Gg if, and only if, they are parallel. 
By our second proposition, the property of being parallel is invariant 
under Gj. 

We conclude by describing the relation between homomorphism 



MATHEMATICS 703 

and the idea of an invariant sub-group. Let x' = f{x) be a homo- 
morphism of a group G on a group G'. Since 

it follows that /(e) = e', the unit element in G'. Also 

Sixx^) =f(x)f{x-^) 

end, sinoe f{xx~^) = /(e) = e', it follows that 

/(x"*) == [f(x)]-\ 

Therefore f(x~^) — e’ if f(x) = c', and if /(a;,) = f(Xt) = e' we have 

f(XiXt) = eV 
= c'. 

Therefore the sot of elements in G which correspond to e' form 
a sub-group Go. Moreover, if xfO# and oeG, we have 

/(oxo'*) = f(a)e' 

c', 

since /(a“^) is the inverse of /(a). Therefore Go is invariant in G. 
It is called the kernel of the homomorphism /. If Go consists of 
the unit clement alone (such a sub-group is invariant since aea~^— e) / 
is an isomorphism. For if /(ui) — /(«,) we have /(a,ai~’) = c, and 
~ c. That is to say, a, = a„ and /, being a homomorphism 
on G', is an isomorpliism. 

Conversely lot G# be any invariant sub-group of G. We define a 
new group, called the faclor-grmp G/Go — f, say, as follows. Wo 
divide the elements of G into classes, two elements Ui and 0|, lie- 
longing to the same class if, and only if, a,o,~*£Go(thi8 definition 
is independent of the ordering of at and o, since (a,ai~')~^ 

and G# is a group). If a,Ot~*cGo and a,o,~*cGowehave a, = XiOi 
and o, = ®, 0 | = where Xi, x,cGo. Therefore a,a,“^eGo, 

sinoe G* is a group. That is to say, o, and a, belong to the same 
class if each belongs to the same class as a,. Therefore these 
classes are mutually exclusive, and they shall be taken ns the 
elements of F. Let at and a, be any elements in F and let Ot and 
Hi be any elements in at and a* and at any elements in aj. Let 
Ot' = *tOi, o,' == *,o*. Then 

o/o,' = XiOiX^t == (xtOiX»at“^)a,o, = x,ata, 
where *,eGo, sinoe OtastOt'^eG*. Therefore the elements OtO, and 
fflt'o,' belong to the same class, which we define as the product 
«ia, in F. We take the class containing e (t.c. Go itself) as the 
unit element rj, in F. Then clearly tjx — a, sinoe eaerjx. Again, 
if oea and a'ea, we have a' = xa, where xeG*, and 
a'~^ 0= o“*®~^ *= (o“^*~*o)a“^ *= ®iO~*, 
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where XicGg. Therefore the elements and o'“* belong to the 
same class, which we take to be a~S the inverse of «. Clearly 
a~’a = r}, since a~^aex~^x. Therefore the elements a, with thelaw 
of multiplication so defined, form a group, the group F. 

In the course of defining F we have actually proved that the 
transformation a = where oea, is a homomorphism of G on 
F, and that Go is the kernel of Thus there is a homomorphism 
having a given invariant sub-group as its kernel. Let y —f(x) 
be any homomorphism of G on a group H, having Gg as its kernel. 
Let o, and Og be any elements in G belonging to the same element a, 
in G/Gg. Then a, = xox, where arcGg, and /(a,) =/(x)/(a,) =/(ai) 
since f{x) is the unit element in H. Therefore ft, defined by 

/(o) =/o(a) {aea), 

is a singled -valued transformation of the elements of F into certun 
elements in H. If a, and a, are any elements in F, let Oicai and 
OtEXf Then 

/o(aia,) =/(aiO,) =/(o,)/(o,) 

= /o(ai)/o(a«)- 

Therefore /» is a homomorphism. If b is any element in H there 
is an oeG such that /(a) = b, since / is a homomorphism on H. 
Therefore /» is a homomorphism of F on H. Finally, if /g{«) is 
the unit element in H, f(a) is the unit element. Therefore, oeGg 
and a r], the unit element in F. That is to say, the kernel of 
ft consists of the unit element alone and it follows that ft is an 
isomorphism. Moreover, the two homomorphisms ^ and / are 
equivalent, in the sense that / = /g^. For if aex we have ^(a) = « 
and, by definition, /g(a) —f{a). The group F and the homo- 
morphism ft are uniquely determined by Gg, and the relation of 
equivalence between homomorphisms of G on other groups is 
obviously transitive. Therefore any two homomorphisms of G on 
other groups are equivalent if they have the same kernel. 

ASTRONOMY. By R. W. WEiaMY, M.A., F.R.S.E., Royal Obser- 
vatory, Edinburgh. 

Ths RarNMUTH Astbboid, 1937 UB. — ^Asteroid hunters are con- 
tinually discovering bodies which approach neater and nearer to 
the earth, and, instead of being confined to the region between the 
orbits of Jupiter and Mars, these small bodies must now be regarded 
as spreading at least from the orbit of Mercury to that of Saturn. 
In 1932 Amor and Apollo, discovered by Delporte and Beinmuth 
respectively, were found to come within 10 million and 8 million 
miles of the earth, while in February 1936, Delporte seoured a 
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photograph of Adonis, whose minimum distance is less than one 
and a half million miles. This record has again been broken by 
Reinmuth’s latest discovery. On October 28 last, he photographed 
a rapidly moving object of magnitude 10, whose orbit was inclined 
only a few degrees to the eclijjtic. Its rapid motion prevented 
many observations from being secured and made those that were 
obtained somewhat difficult to measure, so the orbit is not as yet 
very satisfactory. According to an ephemeris computed by Dr. 
Gondolatsch (Copenhagen Circular 701 ), it made its nearest approach 
to the earth during the evening of October 30, and its minimum 
distance was less than 400,000 miles. Dr. Crommelin (Journal of 
(he 1937, Dec.) points out that, except for ra, its orbit apj^ears 

to be almost identical with that of Apollo, and he considers that, 
unless a satisfactory period can be deduced, it may prove equally 
irrecoverable in the future. There are hoj)e8, however, that the 
trail, 62' in length, secured at Heidelberg with a twodiour exposure 
on October 28, will prove very useful in the computation of a 
reliable orbit. In Copenhagen Circular, 706, there are given elements 
computed by Cunningham from 12 observations made between 
October 25 and 29. The period is given as 21 years, the inclination 
rather over 6*^, the eccentricity 0-62, and the {K>rihelion distance 
0*62, Even if this particular body, wliich has been named Hermes, 
is not recovered at its next return, it is probable that other similar 
small bodies belonging to the same family, which appmach equally 
near to the earth’s orbit, will be found in the near future. 

The physical nature of the asteroids has been the subject of 
considerable discussion, and presents certain difficult problems. 
For example, Vesta appears to have twice the reflecting power of 
Juno, three time that of Pallas, and over four times that of Ceres, 
and yet they are all comparable in size and in distance from the sun, 
and, presumably, had a similar origin. Ceres has a reflecting power 
equal to that of the moon, Pallas resembles Mars, while Vesta seems 
more akin to Venus and Jupiter, whose high albedoes are generally 
ascribed to their extensive and dense gaseous envelo{)es. On no 
reasonable grounds can it be supposed that Vesta has been able to 
retain any trace of an atmosphere, and the actual surfaces of the 
four asteroids would naturally have been ox{)ected to be identical. 

Some asteroids have been observed to show variations in bright- 
ness in the course of a few hours. Eros is remarkable in this respect, 
its changes being at times extensive and rapid, and at other times 
almost entirely non-existent. At some oppositions its brightness 
has shown a range of over a magnitude with a regular period of 
6 hours 17 minutes, but these large variations have persisted for 

zz 
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only a short time. The changes have generaUy been ascribed to 
the asteroid’s rotation round an axis high inclined to the ecliptic, 
while different areas of its siurface show wide variations in reflecting 
power. From consideration of the light curve, H. N. Russell 
{Aatrophysical Journal, 24, 1) deduced that, given sufScient obser- 
vations, the position of its equator might be ascertained, but the 
sign of the inclination and the actual shape of the body would remain 
indeterminate. 

At Johannesburg in February 1931, Van den Bos and Finsen, 
using a power of 1070 on the 26-inch refractor, found the image 
of Eros to be a definite figure-of-eight, resembling that of a 
“ notched ” or nearly separated double star of about O'-IS distance. 
The position angle of the components was measured over a ireriod 
of 6| hours, and was found to make a complete revolution in a 
I)eriod of 6 hours 17 minutes, showing good agreement with the 
photometric period. The full list of observations is given in Aat. 
Nach. 6780. 

A more complete investigation is described by Fletcher Watson 
in Harvard Circular 419. The earliest available observations date 
from 1893, but the useful series commence in January 1901. Assum- 
ing that the maximum variation in brightness, whether it be caused 
by eclipses or by surface spots, will appear when the earth lies in 
the equatorial plane of Eros, it is found to occur when the latter 
is near the celestial great circle whose pole is situated at B.A. SIO”, 
Dec. 4- 61°. The north pole of its axis of rotation miist, there- 
fore, point in this direction, for the range of its light variation is 
shown to be directly related to its distance fix>m the great circle. 
The rotation of Eros is found to be retrograde, the inclination of 
its equator to the ecliptic is 162°’6, and to the plane of its orbit is 
146°. 

Watson considers the existence of a “ double asteroid ” to be most 
improbable in view of their supposedly catastrophic origin and 
consequently fragmentary nature. He interprets the Johannes- 
burg observations as indicating Eros to be a long irregular solid of 
length about 35 km. and diameter 11 km., possessing a reflectivity 
of about 0-16, and a colour index of about -f 0-80 mag. There is 
no apparent relation between the colour index and the phase of 
rotation. The rotation is about an axis perpendicular to the 
longest dimension of the asteroid, which, on the assumption of a 
density of 3-6, has a mass about 2 x 10~* that of the earth. 

That considerable uncertainty attaches to these figures is shown 
by the following comparison of the various positions of the north 
pole obtained by different investigations : 
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W. ZeBsewitsoh .... 

. i R.A. J8° 

i Dec. “f 

3r 

J. Rosenhagon .... 

. i 342^ 

i + 

42" 

Knig and Hochtenstarnm . 

. j a3T 


48" 

Watson 

31B’ 

1 + 

61" 


These remarkable differences suggest that the direction of the 
rotation axis of Eros must bo subject to considerable cliange, and 
this view is supported by Zessewitsch (Observatory, 1937, Nov.). 
Accurate and consecutive light curves obtained for as long periods 
as possible with ordinary telescopes, together with observations of 
the ostenud’s size and shape, and the direction of its elongation, 
possible only with very large instmments, are now needed. Then, 
in the words of Watson, “ Eros, which has lx)en the enigma of the 
asteroids, may lead to a better knowledge of their physical nature, 
and possibly of their mode of origin.’' 

In view of Watson’s summary rejection of the idea of a “ double 
asteroid,” it is interesting to find that the next Harvard Circular 
(420) is devoted to an account of Cosmic Double Meteors, by Dorrit 
HofBeit. The existence of these systems, governed by their mutual 
gravitational attractions, is inferred from the simultaneous appear- 
ances of small numbers of meteors, and from certain close double 
trails found on meteor photographs. Miss Hoffleit, using a mathe- 
matical analysis due to E. Opik, calculates the effect of stellar 
perturbations on double meteors, finding that nearly all the pairs 
originally separated by less than 6 km. have remained physical 
pairs during the life of the universe, w^hile, of those whose separa- 
tions exceeded 50 km., practically none can remain os binary 
systems. Observational data of naked eye sjxjradio meteors 
appearing within ten seconds of each other yielded inconclusive 
residts, but an analysis of telescopic observations, using a field 
45 minutes in diameter, indicated that 16 per cent, of the tenth 
magnitude bodies were members of binary systems, with a separa- 
tion of about 20 metres. Such close pairs will have suffered prac- 
tically no disruptions during the existence of the universe, so that 
16 per cent, represents the original proportion. On the assumption 
that this proportion originally applied to all cosmic meteors, Miss 
Hoffleit estimates that approximately 3 per cent, of present naked 
eye observations of sporadic meteors should represent real double 
meteors. 

Planitaey Atmosphbkxs. — Estimates of the temperature of 
planetary atmospheres have generally been obtained by deter- 
mining the distribution of energy in the reflection and emission 
epeotra of the planets, but it has proved difficult to eliminate com- 
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pletely the effects of the earth’s atmosphere. In the Astrophytical 
Journal, 86, 3, A. Adel proposes a more independent method, 
depending on the fact that, in a planetary atmosphere, the distri- 
bution of molecular population over the various vibrational and 
rotational states is strictly determined by the prevailing tempera- 
tures. Cionsequently, the distribution of intensity of absorption 
in the fine structure of the bands is also governed by the temperature, 
of which it is, in most instances, a simple function. 

Definitive high-dispersion spectra, such as are necessary to make 
possible the unambiguous selection of the fine structure lines dis- 
playing the maximum intensity of absorption, are not yet avail- 
able. but Adel illustrates his method on a spectrum of Venus obtained 
at Mount Wilson by Adams and Dunham. This shows two carbon 
dioxide absorption bands, each possessing a converging high- 
frequency branch and a diverging low-frequency branch. The 
latter are more convenient for study, and the distribution of intensity 
of absorption indicates that the temperature of 50° C., calculated 
by D. H. Menzel from water-cell transmissions, is probably too low 
a value for the surface of Venus. 

The opposition of Mars in 1937 was utilised at Mount Wilson 
by Adams and Dunham for a further search for water vapour lines 
in its spectrum {Publ. Ast. 8oc. Pacific, 49, 209). The spectrograms, 
covering the region about A 7200, were obtained with a plane grating 
spectrograph of 9 feet focal length at the coud6 focus of the 100- 
inch reflector, and gave a scale in the first order of 6 A. to the milli- 
metre. Two spectrograms were secured in February when Mars 
was approaching the earth with a velocity of 19 km. /sec., correspond- 
ing to a displacement of 0-45 A., and the water vapour lines due 
to the planet’s atmosphere should therefore have bron completely 
separated from those of terrestrial origin. One spectrogram, 
obtained in April when Mars was approaching with a velocity of 
11 km. /sec., should have shown the planetary lines as a fringe on 
the violet side of the terrestrial ones. In no case, however, could 
evidence be found of the presence of any water vapour in the 
atmosphere of Mars, and it seems that the intensities of any lines 
cannot exceed 5 per cent, of those of the corresponding terrestrial 
ones, and are probably much less. The observations were all made 
near the centre of the planet’s disc, and it would be interesting, at 
a future opposition, to see if similar negative results would be 
obtained over the polar caps. Whether these are aotulal masses of 
snow and ice or are largely cloud effects, it is in their neighbour- 
hood that water vapour might be expected to be most in evidence. 

The important part that photochemical processes play in 
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planetary atmospheres, and the constituents of the latter which 
can be postulated by chemical arguments even if they are not 
directly detectable by the spectroscoj^e, are considered by Rui)ert 
Wildt in Asirophyaical Journal, 86, 3. It is necessary first to explain 
how a stationary state can be maintained in atmospheres containing 
such polyatomic molecules as those of carbon dioxide, methane, and 
ammonia, which arc highly susceptible to decomposition by ultra- 
violet solar radiation. Their photochemical decomposition must be 
followed by secondary chemical reactions, reuniting the products 
of dissociation, in order to maintain the observed stationary com- 
position of the atmospheres. 

Regaiding the giant planets, Wildt shows that the stability of 
methane can be reasonably explained. During the comparatively 
slow processes of decomposition and recombination, atoms of 
hydrogen must exist in the atmospheres in considerable abund- 
ance, and these are known to attack and break up all hydro- 
carbons with the exception of methane. This explains the absence 
of other simple hydrocarbons which have vapour tensions only 
slightly smaller than that of methane, and therefore could not 
possibly be frozen out completely. In addition, it is shown that 
carbon monoxide, carbon dioxide and hydrogen sulphide are all 
probably absent, the last being disintegrated and solid sulphur 
precipitated. This is all satisfactorily in agreement with spectro- 
scopic observations. The stability of ammonia in the atmosphere 
of Jupiter cannot, however, yet be satisfactorily explained by 
photochemical theory. 

Of recent years, following the work of H. Jeffreys, Jupiter has 
generally been regarded as a cold body, with surface temperature 
not exceeding 160° Absolute, covered with a thick layer of ice, and 
surrounded by a dense atmosphere more than 6000 km. deep. In 
Monthly Notices J?.A.S., 97, 8, B. M. Peek gives reasons why such 
an extensive atmosphere cannot exist, for '' either the temperature 
must rise with the depth at a rate that will certainly not admit of 
the interior being regarded as cold, or the pressure, at quite sur- 
prisingly small depths, becomes so great that, even if the gases do 
not liquefy on account of their low critical temperatures, the 
density becomes equal to that of their liquid or solid states.*’ 
He proceeds to investigate the depth, pressure, temperature and 
density in Jupiter’s atmosphere assuming three different models, 
(1) where the pressure, density and temperature obey the ordinary 
adiabatic laws, (2) an isothermal atmosphere, and (3) a compromise 
between the two. 

For the purpose of numerical evaluation in the first two models. 
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the atmosphere is assumed to be composed entirely of methane. 
For the third model three separate calculations are made assuming 
(1) an atmosphere of pure methane, (2) a mixture of hydrogen and 
methane in the proportion of 3 parts to 4, and (3) a proportion of 
6 parts to 1. l^ssure-depth curves are drawn, showing in each 
case the depths at which the gases would reach the solid state. 
For all the models great densities are found to be rapidly attained, 
and, even under the most favourable circumstances, it apfjears 
that the atmosphere of Jupiter cannot extend to more than a frac- 
tion of 1 per cent, of the radius of the planet. At a depth of only 
25 km. it must lose all its familiar eharacteristics owing to the 
gases undergoing a change of state. Mr. Peek points out that the 
idea of irregular opacity at high altitudes in the Jovian atmosphere, 
put forward by R. A. Sampson to explain certain differences between 
the predictions of his tables and the observed times of occasional 
satellite phenomena, now becomes untenable, and the true explana- 
tion of the discrepancies will have to be sought elsewhere. 

Pl-\nbt Photooraphy. — Considerable work has been done in 
America, and, to a less degree, in Germany in connection with 
photography of the surface details of the planets, but in this country, 
probably owing to handicaps of climate and of latitude, the subject 
has received little attention. A recent publication (in €lerman), 
Planeten-Photographie, von Dr. H. J. Gramatzki (Berlin und Boim : 
Ferd. Dummler, 1937. RM. 2.70) will be found very useful by 
anyone wishing to undertake this branch of research. In its 71 
pages the author discusses the most suitable form of instrument, 
the technique of observation necessary to eliminate the worst effects 
of atmospheric disturbance, the use of light filters and special plate 
emulsions, and the photometric treatment of the results. It is 
foimd that for this type of work, requiring a focal length of at least 
5 metres, large Cassegrain reflectors like the lOO-inch, and also 
Schmidt telescopes are decidedly inferior to the Newtonian type, 
used in conjunction with a Barlow lens. The fitting of a r^ex 
camera, by means of which the moments of good definition can be 
noted and utilised, is strongly recommended. 

PHYSICS. By F. A. Viox, Ph.D., University College, London. 

Thb Rbsistanob of Thin Films. — ^The more usual methods at 
preparing thin metallic films on non-conducting substrates ore (i) 
by condensation fix)m metallic vapours in a high vacuum, including 
deposition from molecular beams, (ii) by sputtering from a oatiiiode 
of the metal in a gas pressure of the order of O-l mm. of mercury. 
Until recently the many papers on the electrical resistanoe of such 
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films showed wide divergence of results, even between those obtained 
by tbe same worker. In consequence, a number of hy^iotheses have 
been put forward to account for the observations. In general, it 
appeared that, for films deposited in a moderate vacuum, («) the 
resistivity when the thickness is less than 100 A. is from 10® to 
10^ times that of the metal in bulk, (6) heating after deposition 
alters irreversibly the resistivity by a factor of ten or more, (c) the 
conductivity is detectable only when the thickness exceeds 40 A., 
with a temperature of deposition about 300° K. (Bartlett, Phil. 
Mag., S, 848, 1928 ; Reinders and Hamburger, Bee. Trav. Chim. 
Paya-Bae, 50, 441, 1931). 

The position has been made much clearer by experiments carried 
out recently at Bristol by Lovell and Appleyard (Proc. Boy. Soc., 
A, 157, 311, 1936 : 158, 718, 1937 ; Proc. Phys. Soc., 49, 89, 1937), 
and described by the latter at the Conference on “ Conduction of 
Electricity in Solids ” {Proc. Phys. Soc., 49, No. 274, Aug. 1937). 
Their work with alkali metals on pjwx glass shows the necessity 
of very careful outgassing of the p 3 nrex surface before deposition, 
as weU as keeping the residual gas pressure as low as possible. 
Molecules of rubidium, potassium or caesium iiom a beam, suitably 
defined by slits, fell at known rates on to a pyrex surface which 
could be held at temperatures between 64° K. and 90° K. Here 
they formed a square patch which overlapped contacts of colloidal 
graphite spread upon a layer of platinum which had previously 
been baked into the glass. A continuous series of measurements 
was made during and after deposition. During the preliminary 
experiments with rubidium, the resistivities of films prepared under 
apparently similar conditions varied by factors of several himdreds. 
It was found, however, that if the pyrex substrate was very carefully 
outgassed before deposition upon it, tbe values were consistent to 
within 3 per cent., enabling the following results to be obtained. 

The resistivity of the films fell steadily as the thickness of the 
layer increased, but on stopping the deposition the resistance rose 
smoothly by a factor of about 10 (at 90° K.). For films of the same 
nominal thickness ® deposited at tbe same rate, both the resistance 
and rate of decay of conductivity were lowest at the lowest temper- 
atures of the pyrex. At a given temperature, the rate of decay 
of conductivity diminishe d as the thickness of the film increased. 
By deposition at 64° K., it was possible to prepare completely stable 

® The nominid thiokneee of a film is here that calculated from t m/g, 
where m is the mass per unit area. It ooinoides with the geometrical thick- 
neM only when the film is uniform and has the same density as the bulk 
SaetaL m is calculated from tbe rate of deposition firom the molecular beam. 
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films provided the nominal thickness exceeded 40 A. These films 
remained stable when afterwards raised to 90° K., though a film 
of this thickness deposited at 90° K. decayed in conductivity rather 
quickly. Results for potassium and caesium were substantially the 
same. Caesium films 40 A. thick deposited at 64° K. had a resistivity 
only five times that of the metal in bulk, and conductivity was first 
detected at less than 1 A. 

The theory put forward to account for these results (and in so 
doing for most of the results of previous workers) may be expressed 
simply as follows. A metal atom deposited on a clean pyrex surface 
is subjected to two main forces of attraction, (a) to the glass smface, 
(i) to other metal atoms on the surface. The character of the metal 
film depends largely on which of these two forces is the stronger 
and whether the metal atoms can migrate along the surface. 

Lennard- Jones {Trans. Far. Soc., 28, 333, 1932) describes the 
potential distribution of the attracting field at the surface of a solid 
as a series of hills and hollows with a periodicity corresponding to 
that of the underlying lattice. At low temperatures, adsorbed 
atoms vibrate in the hollows of minimum potential energy, but as 
the temperature of the solid is raised, the probability increases that 
the atom will receive sufficient energy to surmount the potential 
hill between one minimum and the next, and if it retains that energy 
will migrate freely over the surface. This energy is generally 
known as the “ Energy of Activation ” (or “ Heat of Activation ”) 
A, and appears to be of the order of one-quarter of L, the energy 
for evaporation of the adsorbed atoms from the surface {“ Heat of 
Evaporation ”). A and L depend upon both the nature of the 
surface and of the absorbed atom, while L is a measure of force (a). 
Now let us suppose that for a particular surface and metal, the 
attractive force (a) between metal atom and surface is less than 
(6) between the metal atoms in the film. At very low temperatures 
the adsorbed atoms will not have sufficient energy to migrate, and 
a continuous film will be formed by deposition, having resistance 
approaching that of the bulk metal. If the film is quite uniform 
it wUl remain so when the temperature is raised, but if there are 
small imperfections {e.g. due to patches of stray gas atoms or cracks 
in the substrate) as soon as the temperature becomes high enough 
for the metal atoms to migrate, the stronger force (6) will result 
in the imperfections becoming more pronotmeed by the formation 
of clusters of metal atoms, with gaps between the clusters, and the 
resistance will increase. If the temperature at which deposition 
takes place is sufficiently high for a large proportion of the atoms 
to become “ activated,” island patches of the metal will readily 
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be formed, increasing in thickness by the deposition of more atoms 
on top of them and by migration on the surface. There can be 
practically no conductivity until these patches are large enough to 
touch, when the resistivity will soon approach that of the bulk 
metal. An intermediate case will occur when attractive force (a) 
is not much less than (6) and the temperature is fairly low. The 
migration will be slow and it will be yiossible for the rate of deposition 
of atoms to te large enough to fill in the gaps as soon as they appear 
and 80 form a reasonably coherent film. But as soon as the de- 
position is stopfied the resistance will rise because the migration 
continues to help aggregation of the metal atoms. The rapidity 
of this decay of conductivity will be greater at higher temperatures 
and less for thick films. Films which agglomerate in their early 
stages probably have a fine crystalline structure. All this is in 
satisfactory accord with the experiments quoted above, though 
much requires to be done before the details can be filled in. 
Suggestions have been put forward to account for the resistivity 
of the thin films prepared under the best conditions being still 2-5 
times that of the metal in bulk. The effect of the shortening of 
the mean free paths of the conduction electrons by collisions with 
the boundaries of the film has been examined by K. Fuchs {Proc. 
Comb. Phil. Soc.y 34| 100, Jan. 1938). 

If a layer of gas atoms is already on the pyrex surface before 
deposition begins, the force of attraction (a) may be reduced con- 
siderably, and with it the energy of activation. Migration and 
aggregation will then be very fast, even at the lowest temi)erature8 
so far used, and the resistance of the films will be correspondingly 
high, especially if there is also appreciable residual gas in the appa- 
ratus. The gas pressure needed for the formation of sputtered 
films is inevitably comparatively high, and Andrade and Martindale 
{Phil. Trans., 2^, 69, 1935) have shown how complicated the 
process may be. It must be remembered too that even in a high 
vacuum (10~® mm. Hg.) the number of gas atoms striking a surface 
per second is quite comparable with the number of metal atoms 
from a molecular ray beam. 

In the same Conference Report, Lennard-Jones discusses from 
the theoretical standpoint the critical phenomena in films and 
migration along the surface. G. I. Finch shows the utility of 
electron diffiraction in the study of such films and points out that 
sputtered and evaporated metaUic films are invariably found to 
be crystalline. 

Th» VmxWOTY OF Light. — ^A determination of any velocity 
consists fundamentally of a measurement of the time taken to 
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traverse a known distance. In the case of light it is necessary to 
make some identifying mark on the beam, or to interrupt the beam 
in some way. Rotating mirrors or oog-wheels have been used in 
the past {e.g. Miohelson, Pease and Pearson, Astrophya. J., 82, 26, 
1935), and because of the low frequency with which the pulses 
occurred, large distances were necessary, with all the associated 
drawbacks. Karolus and Mittelstaedt showed, however (Phya, 
Zeita,, 29, 698, 1928), that it is quite feasible to produce by means 
of the Kerr Cell very high frequency variations in light intensity, 
enabling a velocity determination to be made with a considerably 
shorter distance. W. C. Anderson has recently published an account 
of further developments in this interesting method (Rev, Sci, Inatr,, 
8, 239, July 1937). 

It will be recalled that the Kerr Cell consists essentially of two 
parallel metal electrodes immersed in nitrobenzene or similar liquid 
contained in a glass cell with plane windows, so that a beam of 
plane-polarised light can pass through the liquid between the 
electrodes. When a high voltage is applied to the electrodes, the 
cell behaves like a uniaxial crystal with its optic axis parallel to 
the electric field, and hence changes the plane-polarised beam into 
an elliptically polarised one, by introducing a phase difference 
between the components parallel and perpendicular to the electric 
field. This lag, d, is proportional to the square of the electric field 
strength. When the cell is placed between crossed Nicols oriented 
so that the light incident on the cell is plane polarised at 46® to the 
direction of the electric field, the intensity of the beam emerging 
from the analyser is given by 

J == sin* (6/2) (1) 

where 6 = 2yzB I E*, E = electric field intensity is e.s.u., B « Kerr 
constant, I cm. = length of electrodes in the direction of the light 
beam. The intensity is thus a periodic function of the applied 
voltage, and from equation (1) the first maximum is at 

Vmax. == 300d/V2B7 volts .... (2) 

where d is the distance between the electrodes. For a typical cell 
1^2 cm., d = 0*4 cm., B = 30 X 10“^ (nitrobenzene) giving 
Vniax.=^ 10,000 volts approximately. If a steady voltage V of 
about 7000 is applied to the cell, changes of intensity over a limited 
range are very nearly proportional to V, since a plot of equation 
(1) is very nearly linear here. If, therefore, a sinusoidal voltage 
of high frequency / and moderate amplitude is superimposed on the 
steady 7000 volts, the intensity of the beam emerging from the 
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analysing Nicol will vary approximately sinusoidally at this 
frequency. 

The frequencies used in Anderson’s experiments were 14, 28 and 
56 X 10* cycles per sec., generated by a crystal-controlled valve 
oscillator which is loosely coupled to an inductance in the Kerr 
Cell circuit. This circuit (Fig. 1) consists simply of a condenser 
and the inductance in series with the cell, the steady high voltage 


Tuned Circuit 



Fia, 1. 

being applied across the condenser (through high-frequency chokes 
to prevent the radio-frequency current from leaking away instead 
of going through the condenser). The circuit can bo timed to 
resonance by varying the inductance. The frequency (which may 
be a harmonic of the fundamental crystal frequency) can be deter- 
mined to loss than one part in 10* by the usual methods, and is 



steady within these limits if the temperature control is adequate. 
The Kerr cell is surrounded by a water jacket. 

The light, thus modulated at a known high frequency, is split 
into two beams at a half-silvered mirror M, (Fig. 2). One beam 
is focussed by a lens Li on to a vacuum photoeleotric cell, the other, 
after pa88in|( through Mi, is focussed by a lens L, (of 10 metres 
focal length) on to a mirror after reflection through nearly 180° 
by a mirror Mg. After similar reflection from a mirror Mg, the beam 
passes again through the lens Lg, is reflected by a mirror M. and 
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brought to focus by lens L, on the same photoelectric cell, P. M„ 
M, and M* are S-inch or 9-inch plane mirrors coated with aluminium, 
Mt and M4 being fixed on concrete pillars while M, is mounted on 
a lathe bed so that it can be moved parallel to itself. The photo- 
electric cell P is connected to a circuit tuned to the frequency of 
light modulation (Fig. 1). The radio frequency voltage developed 
across the tuning coil is made the input of a sensitive radio receiver 
incorporating a radio frequency oscillator to produce an audio 
frequency beat note. In general there will be a difference of phase, 
between the radio frequency voltages produced across the tuning- 
coil by the two light beams falling on the photocell, owing to the 
difference in paths. If the path difference amounts to an odd 
multiple of half-wave lengths (of the radio-frequency modulation) 
then the net voltage across the tuning-coil will be a minimum, shown 
by the sound in telephones or deflection of a meter in the output of 
the radio receiver. In this case it is easily seen that 


where n = 1, 3, 6 . . ., « cm. = optical path difference, c is the 
velocity of light in cm. per sec. and / the frequency of modulation. 

The general procedure is therefore as follows. The cooling 
system of the Kerr cell is turned on and the high voltage, light 
source (Point-O-lite) and oscillator left running, until a steady 
temperature is attained. The radio receiver is tuned in to the 
high-frequency voltage developed by the two light beams striking 
the photocell, and the beams matched in intensity by means of 
a diaphragm across the stronger. The lathe screw is rotated and 
the reading of the radio receiver output plotted against the position 
of M,. From the sharp minimum in the curve the distance s is 
calculated. The frequency / is already known from the deter- 
mination of the fundamental frequency of the quartz oscillator. 

Anderson tried also a modification of the method, in which both 
a low- and a high-frequency modulation is imposed upon the light. 
This gives rise to audio-frequency components after detection by 
the radio receiver without using a second (heterodyne) oscillator. 
An audio-frequency output is desirable because of the greater ease 
of measurement. 

The mean path difference was foimd to be s = 15,934-78 0-60 

cm. for a frequency / = 14,106,120 ± 160 cycles per sec., giving 
the velocity of light in air as 299,683 km. per sec. and in vacuo as 
299,764 i 16 km. per sec. This is the mean of 661 observations 
spread over a period of six months, and no secular variations outside 
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the experimental error were found. Michelson, Pease and Pearson 
(loc. ciL) give the velocity in vacuo as 299,774 ±11 km. per sec. 

There seems no reason why an accuracy appreciably better 
than that in Miohelson, Pease and Pearson’s experiments should 
not be attained with the Kerr cell method. There are several 
improvements which could be made in the details of the apparatus, 
such as precise temperature control, automatic recording of the 
output of the radio receiver together with lathe mirror position, 
and so on. 

METEOROLOGY. By E. V. Newnham, B.Sc., Meteorological Office, 

London. 

The Formation of Hailstones.^ — There is a limit to the possible 
size of raindrops, for although the upward velocity of rising currents 
of air has no sharply defined limit, and the stronger the current 
the greater is the mass that it can support, when the 8i>eed of the 
drop relative to the air reaches a certain value the drop breaks up 
into smaller fragments. For the hailstone no such limit of growth 
exists, and when unusual circumstances are associated with quite 
exceptionally strong upward currents hailstones may, if other 
conditions are favourable, grow to a phenomenal size and eventually 
fall to earth with destructive violence when the vertical currents 
fail or become less than the speed of the stone relative to the air — 
a speed which increases with the growth of the stone. The generally 
accepted theory of the physical process of growth rests upon the 
observation that many clouds are composed of water droplets far 
below the ordinary freezing-point of water and that such droplets 
freeze very readily on striking a solid object. Given a small 
nucleus of ice among a cloud of supercooled water droplets, accord- 
ing to the theory this nucleus will encounter and gather to itself 
some of these droplets from time to time, and as they freeze, these 
increase the mass of the ice. The structure of a hailstone is con- 
sistent with this theory, suggesting os it does that successive thin 
layers of water have been frozen on it, a good deal of air being 
entrapped in the process, so giving the stone its characteristic 
whiteness. For stones of the usual size, up to say a quarter of an 
inch in diameter, the theory makes no undue demandsi on human 
credulity. At rare intervals, however, as stated above, the diameter 
is much larger. A number of photographs testify to instances 
where it has ranged from I to 2 inches and BiUiam [1] refers to a 
case of a storm in Northamptonshire in September 1935 in which 
a hole more than 4 inches in diameter was made in an asbestos 
cement roof. Another case is cited by the same writer which is 
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still more remarkable — ^that of a stone 6-4 inches in diameter which 
fell in the Nebraska hailstorm of July 6, 1928, Wegner [2] puts 
the upper limit of known size as about that of a skittle ball, the 
weight being about 1 kg. Such instances make it desirable to 
consider the theory more closely in order to see whether it can 
include them, and have led Schumann [3] to a mathematical analysis 
of the physical processes involved, an account of which was given 
to the Royal Meteorological Society last November. 

Schumann begins with certain Bimplif 3 Tng assumptions without 
which the mathematical treatment would be impossibly difficult. 
He assumes that the stone remains spherical throughout its life 
history and that it collects all the water-drops in the volume that 
it sweeps out so long as the temperature is below 0° C. On t hi s 
basis, it may be noted, Trabert in 1890 [4] calculated that, if the 
maximum amount of suspended water per cubic metre is 4 grm. 
and the total distance fallen tlirough in the cloud is 2 km., the 
hailstone would not exceed 5 mm. in diameter, and was led to 
postulate electrical attraction between the stone and the water 
drops to account for the greater size actually observed, but as his 
theory ignores the shortness of time during which the stone is 
sufficiently near to a particular drop for forces of attraction to 
become effective, it need not be considered farther here, the more 
so as it will presently be seen that the larger size of stone actually 
observed can be accounted for without its aid. 

Schumann derives a number of equations connecting the ulti- 
mate size of the hailstone with the different factors upon which it 
dependes, e.g. 

mS = ff(4R - 1) . . . . (1) 

where nt — concentration of liquid water in the atmosphere, in 
gram./c.c., 

S = total distance travelled by the stone relative to the 
surrounding air in cm., 

(T = average density of the stone (grm./c.o.), 

R = ultimate radius of the stone in cm. ; 

also 100 mt = (<rp)*(iB* - 2) . . . (2) 

where i is the time in sec. required for the fcmnation of the stone 
p the specific gravity of air with respect to air at 0** C. and 1000 mb. 
pressure, and the other quantities are as previously defined. In 
the next stage he postulates atmospheric oondirions favourable for 
the formation of hail, and assumes that such ate provided by an 
air mass initially at 26“ C., and relative humidity 60 per cent., 
which is raised by convection to any desired bright. Qiven that 
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the cooling, due to reduction of pressure as the mass rises, takes 
place adiabatioally, values of pressure, temperature and density 
can readily be calculated for the different heights reached. The 
ultimate size of the hailstone is dependent upon H, the initial height 
of the small hailstone, on u, the average upward velocity of the air 
and on m and a. The author adopts the following plan : He 
calculates from the equations already arrived at certain combina- 
tions of these four quantities that will lead to the formation of very 
large hailstones — ^actually 8 cm. in diameter — and then examines 
the possibility that such values of the four variables may occur in 
nature. The first case considered is of H = 7 km., a — 0*6 and L, 
the vertical distance travelled by the stone during its i)eriod of 
growth, 3 km., for which he finds what values of m x 10* result 
from different values of u to give R — 4 cm., and gets the following : 


ucm./HOC. . . ^ 0 600 10«» 1600 ; 2000 


m X 10* 


30 


24-3 ! 18-7 130 i 7-4 


The process is repoat«<l for other combinations, namely : 

Case II : H = 7 km. L ~ 3 km. <r — 0-8 

„ III : H = 9 „ L =- 6 „ a ^ 0-6 

„ IV : H 9 „ L = 5 „ a 0-8 

The final results of these four investigations are given in the form 
of graphs which show four straight lines connecting u and m x 10* 
under each of the four conditions laid down. Cases I and II differ 
only in regard to the density of the stones, and similarly with III 
and ly. In case III the hypothetical heights are great and the 
density of the stone small, consequently less abnormal values of 
u and m x 10* are required to pr^uce the 8 cm. diameter stone 
than in the other three oases. The graph shows tlrnt for « = 0 
m X 10* need not then exceed about 16, and for « x 2000 om./sec. 
just over 6. On the other hand, in case II where the heights are 
smaller and the stones heavier, the corresponding values of m x 10* 
are 40 and 14, i.e. between two and three times as great. These 
figures show that the conditions necessary for the formation of 
abnormally large stones are that the cumulo-nimbus clouds must 
extend to great heights and that in addition there must be either 
an extraordinarily great concentration of water-drops or extremely 
violent and long-lasting upward currents of air. The answer to 
the question whether m eatd « can reasonably be expected to attain 
to smfii values requires more careful examination before it can be 
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answered, and the author deals first with another matter that 
should be taken into account, namely the question of the disposal 
of the latent heat of condensation of the water, which heat is set 
free when freezing occurs and may be expected to have some 
influence on the rate of growth of the stone unless the temperature 
is far below the freezing-point. Setting aside the amount of heat 
that may be used in raising the temperature of the stone when the 
latter is below O'" C. as too small to be of any importance the author 
has to fall back upon conduction to the surrounding atmosphere 
and the latent heat absorbed if part of the water is evaporated. 
It is generally accepted that a thin film of stagnant air surrounds a 
solid object even when the atmosphere around is in turbulent 
motion. If the thickness of the film around a hailstone is denoted 
by B, and the heat conducted away jier second by then 

h, = 0 being the difference between the tem|)erature of 


the surface of the stone and that of the air, and K the thermal 
conductivity of the air in e.g.s. Centigrade units. For every gramme 
of water that is condensed on the stone the latent heat liberated, 
is equal to A, — 0 calories, where A, = the latent heat of fusion 
of ice, consequently the mount liberated per second, which we may 
denote by A,, is given by the equation A, = nrhnv(Xi — 6)- Finally 
it is shown that the heat dissipated by evaporation {h,) is given 

by the equation A, = 


where d — the diffusivity of the air, 

A I = the latent heat of vaporisation of the water, 

C, = mass of water vapour in gm./c.o. of saturated air at 
the temperature of the hailstone, 

C, = the same quantity for the surrounding air. 

Clearly the heat liberated by the condensation must equal the sum 
of the quantities of heat lost by conduction and evaporation, so 
that A, = A, + A, from which it follows that 

. (3) 

The author was not aware of any experimental determination 
of B that would apply to the case of the hailstone, and derived a 

value from theoretical considerations equal to where u is the 

^ rag 

coefficient of viscosity of the air and g is the acceleration of gravity. 
Substituting this in equation (3) we get 

m(79 7 + O-40T, - T.) == 1015 X 10-V(Ti - T,) 

+ (247 - 0-28T,)(C, - C.) . . (*) 


mt;(A. - 0) = gi(K0 + <5A,(C, - C,) 
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where Tj and T* are the numbers of degrees of the temperatures 
of the stone and air respectively below 0®C. Equation (4) can 
readily bo solved for dififerent values of p and T, and it is found that 
there is a limit to the possible magnitude of m when Tj = 0° C., 
which is obtained by putting T| = O^C. in equation (4). 

When m exceeds this limit not all the water captured by the 
stone can freeze, and some will presumably bo lost by being carried 
off in the form of droplets by the wind represented by the relative 
velocity l>etween the stone and the air (v). Using the values of T, 
and p calculated for different heights in the adial>atioally rising air 
which has been already postulated, it is found that the limiting 
value of 10® x m varies from 0 at 4 km. to 20*9 at 6 km. and 77*3 
at 9 km., which shows how the i>owor of the stone to collect water- 
drops decreases with diminishing height. This last discussion leads 
to the conclusion that the values of m needed to account for stones 
of 8 cm. diameter, which have been worked out for four different 
values of H, L and <r, need revision, in order to allow for the fact 
that below about 6 km. all the water encountered cannot be retained. 
The point next discussed was the possible loss of weight due to 
evaj)oration. The conclusion reached was that this is very small 
compared with the gain from condensation. Another matter that 
was successfully disposed of waa the low temperature of freshly 
fallen hailstones sometimes observed. When account is taken of 
the time of fall of a large stone and its thermal conductivity, it 
is easUy seen that the interior may be much colder than the sur- 
face, and the observation of stones with mean temperature well 
below is not inconsistent with their having had a surface 

temperature of 0° C. during a large part of their sojourn in the 
upper atmosphere. 

The author comes back finally to the consideration as to whether 
values of tn and u required by theory can reasonably be expected 
in nature. If m were due simply to condensation taking place in a 
single sample of rising air, such os the one postulated here, the 
answer would be “ no ** as regards m, for it can be shown that 
lO* X m would not exceed 6 or 7. But there is held to be strong 
evidence that a fax greater accumulation can take place in clouds. 
An upward current of 8 in/sec. or over, which is the terminal 
velocity of the largest drops, will keep all condensed water in 
suspension and accumulation from fresh supplies of air can continue 
indefinitely so long as this upward current lasts. Although we lack 
direct measurements of values of u of the order of magnitude required, 
as pointed out by Humphreys [6] it is evident that uprushing 
SRrrents of hurricane velocity must occur, s.g. in tornadoes, when 
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the many cases of lifting of heavy objects by the wind and their 
transport over considerable distances is considered. The conclu- 
sion to be drawn from this investigation seems, tlierefore, to be that 
the formation of the largest hailstones yet recorded can be explained 
on the assumption that growth proceeds from a stone of normal 
size by continued picking up of super-cooled water-drops while 
the stone is following a long trajectory relative to the air at a 
high level where temperature is well below the freezing-point, the 
speed of the uprushing current and the amount of condensed water 
required for the extreme cases being such as miglit reasonably be 
expected to be readied on occasions as rare as are those when stones 
of 8 cm. diameter or a little over are observed. 
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BIOCHEMISTRY. By W. O. Kehmack, D.Sc., LL.D., F.R.S.E., Re- 
search Laborat/ory, Royal Oollogo of PhysicionH, Edinburgh. 

Nicotinic Acid and Co-enzymes. — The object of biochemistry is 
to give a description in terms of precise molecular structures, of 
the changes which take place within the living cell, and to relate 
these reactions to the functions and activities of the living tissues 
in which they occur. The physico-chemical system of even the 
simplest cell is, however, extremely complicated ; at present the 
most fruitful line of approach seems to be that of concentrating 
attention on particular chemical reactions or systems of reactions, 
with the view of obtaining an exact and det^ed picture of this 
limited field. In recent years a large amount of valuable work of 
this type has been carried out, especially in connection with the 
numerous processes of oxidation and reduction which proceed within 
the living cell. Most of this work, however, is too detailed and 
specialised to lend itself readily to summarising in these pages. 
For the most part it is concerned with the transfer of hydrogen 
from one compound to another, with the enzymes which promote 
these reactions, and wdth the speoifioity of those enzymes, that is 
to say, the deteomination of the range of compounds which a single 
enzyme will activate. Results in this fiield are, however, much more 
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interesting and significant when they refer not to isolated reactions 
bwt to whole systems of reactions, especially if the system is one 
which is probably of major importance in the normal metabolism 
of tissue. The description of muscle glycolysis in tenus of the 
Emden-Meyerhof scheme of reactions, and the elucidation by War- 
burg and his school of the details of the oxidation — or rather the 
dehydrogenation — of hexoso monophosphate by the enzyme system 
present in red blood cells, affords good examples of successful work 
of this ty|)e, and have alreiidy been discussed in these pages (Science 
Progress, 1036, XXXI, 306). 

Now an im[)ortant comijonont of the latter system is the com- 
j)ound called originally by Warburg the hydrogen-transporting 
co-cnzyrao. It was soon realised that this was closely related to 
the co-zymase of Harden and Young, the co-enzyme which is present 
in yeast juice and which is retjuired for its fennenting activity. 
The further investigation by Euler of purified co-zymase has shown 
that by suitable fractionation, this may be separated into two very 
similar but distinct oom}K)unds. One of these is identical with the 
hydrogen-transporting co-enzyme, the other is the co-zyrnase proj)er. 
These are called by Euler co-dohydrogenase II and co-dehydrogenase 
I respectively. Both yield on hydrolysis adenine (I), phosphoric 
acid, nicotinic acid amide (II), and a reducing sugar, probably 
ribose, but whereas the hydrogen-transjiorting co-enzyme gives 
three molecules of pho8i)horic acid per molecule the co -enzyme gives 
only two. 


1:: — N: 


HC 

II 7 

N C 

H 

I 


Vh 



yCONH, 


N 


II 


According to tho varioua analytical results, the following formulae 
represent the formation of these two co-onrymes from their com- 
ponent parts : 

C,H,ON, + C,H,N, + 2H,P04 + 2C,H„0, -= C„H„Oi.N,P, + 6H,0 
idootinio adenine phosphoric ribom co^zymaso or 
ecid amide acid oo-deh3rdrogena8e I 

C,H,ON, + C,H,N, + 8H,PO* + 2C,Hj,0, •=■ C„H„0„N,P, + 6H,0 

co-dehydrogtmase II 

Because of their composition, Warburg calls these substances 
the dipfao8phop3nridine-nuoleotide and the triphosphopyridine- 
nudeotide respectively. The duplication of nomenclature is some- 
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what confusing and for convenience the following scheme is 
appended : 

Diphoephopyridine nucleotide co-dehydrogoiioao I co-zymaao 
Triphosphopyridino nucleotide ^ oo-dehydrogena«G II *» hydrogen transport- 
ing co-enzyme of Warburg 

Before discussing the more detailed structure of these two com- 
pounds, we may remark that in their biochemical behaviour they 
resemble each other even more closely than a})poaTed originally to 
be the case. It was at first thought that co-dehydrogenase I pro- 
moted phosphorylation as well as dehydrogenation. Later work, 
however, seems to indicate that pure co-dehydrogenase I has no 
phosphorylating action, and that the original 
N— ■=€ — N observations wore due to the fact that at the 

I II time the co-enzyme had not been obtained 

I I * quite pure but contained adenylic acid (III) 

K N which would aeem to bo the unique phos- 

Ncn^ phate-traru9i)orting co-enzyme. 

The three compounds adenylic acid, and 
HC — co-dehydrogenase I and II are in fact found 

in close association, not only in yeast juice, 
^ O III ^ blood cells, and apparently 

HOCH in most living tissues where glycolysis is 

going on. The two dehydrogenases both act 
I as hydrogen acceptors, but it would seem 

CH, for different substrates. Thus, whilst in the 

dehydrogenation of hexose monophosphate 
I OH ^ hexonio acid, it is co-dehydrogenase II 

0=P<^ which is active, in the dehydrogenation of 

alcohol to acetaldehyde it is co-dehydrogenase 
I which must be used. In both cases, the 
transport of hydrogen takes place only in the presence of a suitable 
protein enzyme, and it is of great interest to note that Negelein 
has actually obtained one of these zwiachen-fermenia, or inter- 
mediate enzymes, from yeast in a crystalline state {Biochem. Z., 
1937 , 290 , 445 ). 

In order to elucidate the structure of these somewhat complex 
substances, Karrer has prepared a series of model compounds. It 
was already clear that it was the nicotinic acid amide grouping 
which was the active centre and took up the hydrogen atoms. The 
dihydro derivative of the co-enzyme, which is readily ftamed either 
by biological reduction by means of the zteiachenferment, as indi- 
cated above, or more simply by sodium bydrosulphite, differs 


HOCH 

I 

HOCH 


0-1/ 
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characteristically in its absorption spectrum from the oxidised form. 
Karrer has found that various simple quaternary salts of nicotinic 
acid amide, when acted upon by hydrosulphite, undergo reduction 
Just as the co-dehydrogenase does (Karrer, Schwarzenbach, Benz, 
Solmssen, Helv, Chim. Acta, 1936, 19, 811). Thus, for example, 
the methiodide of nicotinic acid amide (IV) is converted under 
these conditions to mothylclihydronicotinic acid (V). 


CONH. 

CONH. 

^CONH, 

2H 

1 

1 L-” 



\/^H 

N 

N 

1 

N 

j 

1 

CH, 

CHiClJOinvCHOHjOH 
O ' 

IV 


VI 


Of the many similar compounds which have bt^en prepared and 
studied, the most interesting one is a glucose derivative (VI) pre- 
pared by acting on the base with tetra-acetylbromoglueose and after 
reduction to the dihydro derivative removing the acetyl groups from 
the product by heating with ammonia (Kanw, Ringier, Biichi, 
Fritsehe, Solmssen, Uelv, Chim, Aci4i, 1934, 20, 65). It should be 
mentioned that the reduced sugar derivative is much more stable 

H 

-N 
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than the oxidised product. The co-dehydrogenases themselves, in 
the oxidised form, are likewise very easily decomposed with the 
liberation of free nicotinic acid, but relatively stable when reduced. 
Indeed, the general resemblance of this synthetic compound to the 
co-dehydrogenase molecule in many of its reactions is so great that 
there is little doubt that in the latter the nicotinic acid is united by 
a quaternary link to the ribose reducing group {cf. Karrer and War- 
burg, Biochem. Z., 1936, 285, 297). If now wo bear in mind that 
in nature the co-dehydrogenases are always a&sociated with an 
adenylic acid the following provisional formula;, which do not api)ear 
to contradict any of the known facts, suggest themselves {cf. Euler 
und Schlenk, Z. physiol. Chem., 1937, 246, 64). Co-zymase, co- 
dehydrogenase I (VII), co-dehydrogenase II (VIII). 




Nf 
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HOCH 

L “ 

hA-^J 
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HC 

HOCH 

HoijH 

HC 1 

ijH, 

i) 


-P=0 


vin 

Co-dohydrogonase 11 


The RdLB or CrrooHBOMK in Cbix Oxidation. — ^I n the enzyme 
system studied by Warburg {cf. Soibncb Pboobxss, 1930, XXXI, 
306), the hydrogen atoms removed from the substrate, are first of 
all transferred in presence of a suitable protein zwitchenfermeiU to 
the co-dehydrogenase molecule and then to a laotoflavin nucleus, 
the second transfer also being promoted by a specific protein, namely 
the protein component of Warburg’s yellow oxidation enzyme. The 
problem then naturally arises as to the relationship of this system 
to the cytochrome enzymes, which there is every reason to believe 
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play an important r61e in cell oxidation. It is characteristic of these 
latter substances, which contain iron as their active centre, that 
they are inactivated by cyanide, in contrast to the co-dehydrogenaso 
lactoflavin system. Now it has been shown that the larger part of 
the whole oxidation going on in the living cell may be inhibited by 
cyanide. This at first sight seemed to indicate that most of the 
cell-oxidation went by way of cytochrome and that the flavine 
enzyme played only a minor role in the cell. But the latter is so 
widespread in nature that this latter conclusion appears inherently 
improbable. In a very interesting pa|)er, Theorcll has shed light on 
this problem {Bioch. JZ., 1 936, 288, 31 7). He shows that, though the 
reduced form of the yellow pigment is rapidly oxidised by molec- 
ular oxygen at atmospheric pressure, the reaction proceeds only 
very slowly at the relatively low oxygen pressures such as exist in 
the normal living tissue. On the other hand, oxidised cytochrome 
brings about the oxidation much more rapidly than the free oxygen 
at those low" pressures. Furthermore, the oxidised cytochrome does 
not act directly on, forexample, the reduced form of co-dehydrogenase 
II, but only indirectly in presence of the yellow- enzyme. All this 
seems to show that in the living cell, cytochrome is the natural 
oxidiser of the reduced form of the yellow pigment, that the systems 
co-dehydrogenase, yellow enzyme and cytochrome are in series and 
not in parallel. Just as oo-dehydrogenose and yellow enzyme are 
hydrogen carriers, so cytochrome is an oxygen carrier, and the 
hydrogen on the yellow pigment unites with the oxygen on the 
cytochrome with the formation of water. 

Niootiisio Acid and Pblijioka. — It is clear from the above 
that nicotinic acid in the form of its amide is a very important 
constituent of the living cell. Experiments have demonstrated that 
it is essential for the growrth of various micro-organisms (B. C. J. G. 
Knight, Biochem, J., 1937, 31^ 731). The question at once arises 
as to whether nicotinic add or its amide is a necessary constituent of 
the diet of the higher animals. It wdll be remember^ that in 1913, 
in the days when vitamin B (without suffix) denoted the antineuritic 
factor, and the existence of other related factors was not yet sus- 
pected, Funk (J. Phyaiolf 1913, 46, 173) isolated from rice polish- 
ings a crystalline compound, which at first was thought to be the 
active substance. It was soon found, however, that what he had 
separated was nicotinio acid, presumably slightly contaminated by 
some highly active substance, and it was shown that pure nicotinic 
acid has no anti-neuritio effect. For the next couple of decades, 
little attention was paid to the possible importance of nicotinic add 
in the animal organism, but great advances were made in our know- 
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ledge of vitamins. In particular vitamin B was found to be highly 
complex. It was first separated into an anti-neuritic factor, vitamin 
Bi, and a second “ Pellagra Preventive ” factor B,. The work of 
Birch, GyOrgy and Harris showed that the latter itself contained 
at least three components, the growth-promoting compound, lacto- 
flavine, a factor B, which prevents the development of a dermatitis 
in rats, and a pellagra-preventing factor. At the same time dogs 
fed on a certain deficient diet were found to develop a condition 
known as “ black tongue ” (Birch, Gyftrgy and Harris, Biochem. 
J., 1936 , 29, 2830 ), and it seemed very probable that the “ black 
tongue ” factor was identical with the pellagra preventive factor. 
In the circumstances, it was natural to investigate a possibility of 
nicotinic acid being one of these unknown factors. Experiments by 
Elvehjem in America (Elvehjem, Madden Strong, Wooley, J. Am. 
Chem. Soc., 1937 , 59, 1767 ), and Harris at Cambridge showed that 
dogs suffering from “ black tongue ” were cured by the admin- 
istration of pure nicotinic acid. As there was evidence that the 
canine “ black tongue ” factor and the human pellagra factor were 
identical, it seemed probable that nicotinic acid is the dietary 
constituent lacking in pellagra-producing diets. Harris {Chem. and 
Ind., 1937 , 56, 1134 ) now reports that controlled trials made in 
Egypt on cases of human pellagra show that these are cured or 
much improved by administration of the acid. There would thus 
seem to be little doubt that a deficiency of nicotinic acid is a major 
factor in the production of pellagra. At the same time certain 
patients who developed the disease on a prison diet, did not recover 
completely, so that it is possible that frequently in pellagra other 
deficiencies may exist as well. 

The Natttbb of Potato Oxidase.— Most of the above work 
in the domain of enzyme chemistry is either the work of Warburg 
or owes its inspiration to him. The intense attack on problems in 
this field, which is at present being carried out in his institute, has 
resulted in the publication by Kubowitz of a paper which records 
an important advance {Biochem. Z., 1937, 292, 222). It is well 
known that potatoes, like many other vegetable tissues, contain 
an enzyme, which, in presence of atmospheric oxygen, oxidises 
catechol as well as several other polyphenols to the corresponding 
quinones. Kubowitz has worked out methods for the purification 
of tliis polyphenol oxidase, and though he has not succeeded in 
obtaining it crystalline, or even approximately free of {mpurities, 
he has been so far successful that he has obtained fairly conclusive 
evidence that the enzyme is a protein containing copper attached 
to it in a non-dialysable form. As in the case of the irou'-oontaining 



BIOOHEMI8TBY 


729 


enzymes, the activity is inhibited by cyanide or carbon monoxide. 
This inhibition is presumably the result of the combination of the 
reagent with the heavy metal, preventing the change of the latter 
from the state of lower to that of higher oxidation. The enzyme 
would seem to act as a carrier of oxygen ; the catechol is oxidised 
to the quinono by the cupric protein complex, the metal in the 
latter changing thereby into the cuprous state, and the reduced 
form of the enzyme is then readily reoxidised by atmospheric oxygen 
so that it is once more ready to act on the catechol. 

The mode of action of the jwlyphenol oxydase is obviously rather 
similar to that of cytochrome described above. The latter, however, 
acts on the oxidised form of the yellow pigment in bringing about 
the reduction of the p 3 Tidine nucleotides. In other words, hexose 
monophosphate can be oxidised by the system zunschenferment, 
triphosphopyridine nucleotide, catechol, copper-containing oxidase, 
just as by the system zwischenferment, triphosphopyridine nucleo- 
tide, yellow pigment, cytochrome. Kubowitz has made use of this 
fact in order to overcome a difficulty which he encountered in making 
quantitative observations on the activity of his enzyme. The 
obvious plan would be to measure the rate of uptake of oxygen by 
catechol in solution in presence of the enzyme preparation. The 
difficulty arises that the product of the reaction, namely the quinone, 
poisons the enzyme so that the rate of the reaction rapidly falls off. 
Kubowitz therefore modifies the experiment so that he has present 
hexose monophosphate, zwischenfermmt, and triphosphopyridine 
nucleotide, and only a small quantity of catechol. The latter is 
thus kept almost entirely in the reduced state, and there is then 
never sufficient quinone present to interfere seriously with the 
activity of the enzyme. Readings of the oxygen uptake can be 
made over ten minutes, during which time the rate remains almost 
constant. Under the conditions chosen, this rate is proportional 
to the amount of enzyrme present. Careful quantitative work shows 
that the activity of the highly purified solutions is proportional to 
the quantity of copper it contains, and this is the main evidence 
in support of the conclusion that copper is an integral part of the 
active molecule. 

GEOLOGY. By Q. W. Tyrrbix, A.R.C.Sc., D.So., F.R.S.E., The Uni- 
vennty, Glasgow. 

Pbtboqbabhy of loNKons Rooks — Extea-Eubopean. — ^In his 
memoir “ Die Palseozoischen Eruptivgesteine von Canning Land ” 
A. Noe-Nygaard {Medd. om Orenland, 118, Nr. 6, 1937, 163 pp.) 
gives a very full account of the geology and petrography of a plutonio 
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Buito oondBting of granite and granodiorite, and of a voJoaaio iwriea 
consisting of hypabyssal porphyries and extrusive latites, andesites 
and daoites. These rocks are all of Devonian age. A valuable 
comparative section correlates these rooks with the very similat 
Devonian plutonio and extrusive rocks of Scotland, Scandinavia, 
Siberia and New Brunswick. 

A pajjer by M. P. Fiveg on “ The Apatite Deposits of the 
Khibinian Tundra ” is the first of a s 3 rmpo 8 ium entitled “ Geological 
Investigations of Agricultural Ores, U.S.S.R.,” which was published 
for the 17th session of the International Geological Oongress, 1937 
(Trans. Sci. Inst. Fertilisers and Insecto-fuTigicides, U.S.S.S., No. 
142, 1937, 8-21). It deals especially with the petrology of the 
magmatic apatite-nepheline rocks which form the basis of phosphate 
mining in the Kola Peninsula. The apatite-rooks are closely related 
to a discontinuous annular intrusion of urtite and ijolite. The 
author thinks that the ore represents an injection of phosphatio 
residual molts into the already cooled and solidified ijolite. 

V. Sobolev’s memoir, “ Petrologic der Trappen des Sibirischen 
Tafellandes ” (Trans. Arctic Inst, of the U.S.8.B., XLIII, 1936, 
pp. 1-214 Russian text, 216-24 German summary), is a valuable 
compilation of data on the least weU known of the world’s great 
“ flood-basalt ” regions. A central area of extrusive traps, which 
rest on the Tungus Series of Jurassic age, is surrounded by an 
extensive zone in which intrusive rocks, mainly sills, have been 
injected into the older rocks. The total area of lavas and intrusions 
is over a million sq. km. Petrographically the rooks are extremely 
uniform quartz-dolerites and over-saturated basalts, but differ- 
entiates ranging from ultrabasic to acid in composition occur in 
subordinate amounts. In a final chapter instructive comparisons 
of the Siberian Traps with the flood -basalt regions of Lake Superior, 
South America, South Africa, India, and the North Atlantic, are 
instituted, which serve to confirm the validity of the flood-basalt 
kindred with its highly distinctive geological and petrological 
characters. 

On the basis of four new analyses of “ plateau basalts ” from 
Arctic Siberia, P. Loewinson-Lessing (C.B. Acad. Sci. U.8.8.B., 

1935, 53-6) concludes that these rocks compare chemically with 
bhe basalts of Greenland, Iceland and Franz Josef Land. 

A paper on “ The Alkaline Rooks of the Ishim River (West 
Siberia),” by A. N. Zavaritsky (0,5. Acad. Sci. V.S.8.B., No. 7-8, 

1936, 47-97 Russian text, 97-102 English summary), describes 
an area, 10 km. in diameter, consisting mainly of nepheline-syenite, 
but also with peculiar gneissoid canorinite- and soapoliteHiyeiiites 



aSOLOOY 


731 


idong its mazgins. Esaexite, kmtallenite and monzonite oooor in 
the eastern part of the area, and epi-leuoite-porphyry has been 
found in the central part. Owing to poor exposures the geological 
relations of these rooks are practically unknown. 

“ Lea laves des voloans des environs de Merghen, Montchourie ” 
are sliown by A. N. Zavaritsky (C.JI. Acad. Set. V.S.S.R., 1 (X), 
No. 9, 1936, 369-72) to be highly potassic rocks of intermediate 
composition allied to the gaussbergite of Antarctica and kajanite of 
Borneo. Lacroix has also remarked the alkaline and leucitic com- 
position of Recent Manchurian lavas. 

The fourteen “ Recent Volcanoes of the Wu Ta Lien Chih dis- 
trict, Lung Chiang province, Manchuria ” are de8cril)ed by T. Ogura 
tt alia {Survey Reporta of Volcanoes in Manchuria, No. 1, Ryojun 
Coll, of Eng., Manchuria, 1936, 1-84 Japanese text, 86-96 English 
summary). The lavas are highly potiussic traohybasalts of which 
the most prevalent tyjjo, a basaltic glass with olivine, augite and 
occasionally leucite, is callc<l shihlunite. The eruptions began with 
widespread olivine-basalts, followed by shield-cones of the same 
com])ositiun, and finally the historical cone eruptions of 1720. 

The stratigraphical aspect of T. Tomita’s memoir on the 
“ Geology of Dogo, Oki Islands, in the Japan Sea ” {Joum. Shanghai 
Sci. Inat., Sect. II, 11, 1936, 37-146) was dealt with in Science 
Progress, XXXII, 1937, p. 112. But the work is mainly con- 
cerned with the petrography of the Tertiary igneous rocks. The 
eruptions began with a Pro-Miocene sequence of albitophjrres, 
pyroxene-andesites, liparites, and again pyroxene-andesites, which 
were followed by a post-Miocene alkaline series of traohybasalts 
and basalts, traohyandesites, alkali-trachytes and alkali-liparites. 
The two suites, although occurring in the same restricted region, 
are perfectly distinct in regard to age, geological relations and 
petrographical oharaoters. 

Study of the radioactivity of the basalts of the Deccan Trap 
formation by V, S, Dubey and M. P. Bajpai {Amer. Joum. Sci., 
XXXIV, 1937, 24-9) shows that the amounts of their radioactive 
contents have not varied much in the successive lava flows and 
younger dikes, and compare closely with that of the Addington 
tholeiite of the north of England. Four new chemical analyses of 
Deccan basalts are given which appear to show that the western 
part of the Deccan Trap region is more alkalic than the central 
and eastern parts. 

C. T. Barber’s memoir on “ The Tertiary Igneous Rooks of the 
Pakokku District and the SaUngyi Township of the Lower Chindwin 
Wstriet, Burma, with Special Reference to the Determination of 
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the Felspars by the Federofif Method ” (Mem. Oeol. Sure. India, 
LXVni, Pt. 2, 1936, pp. xii, 121-292) deals with a varied suite of 
igneous rooks that belong to an Eocene-Pliocene cycle of activity, 
which may be correlated with the rise of the Arakan Yoraa geanti- 
cline, and the crumpling of the central part of the great Tertiary 
basin of Burma. The sequence is agglomerates, breccias and lavas 
mainly of andesitic composition, followed by intrusions of gabbro 
and diabase, and by a later volcanic phase which produced rhyolitic 
lavas and tuffs. 

In an important paper on the “ Igneous Geology of the Karang- 
kobar Region (Central Java), and its Significance for the Origin of 
the Malayan Potash Provinces,” R. W. van Bemmelen (” De 
Ingenieur in Nederlandsch-Indie,” IV, Mijnbouw en Geologie, De 
Mijn-ingenieur, Jaarg. IV, No. 7, 1937, 116-35) deals with the 
jietrology of the Neogene-Quatemary igneous rocks of the Karang- 
kobar and of the adjacent Dieng regions. In general these rooks 
belong to the calc-alkalic kindred, but there are also two intrusions 
of basic alkaline rocks. The origin of the calc-alkalic kindred and 
of the Malayan potassic provinces are discussed with the aid of 26 
new analyses. The author arrives at the conclusion that the calc- 
alkalic (or tholeiitic) kindred may be derived from olivine-basalt 
magma by assimilation of sialic crustal material, and that the 
potassic rooks are “ pathological ” differentiates from calc-alkalic 
magmas due to the assimilation of limestone and subsequent loss 
of soda in the hydrothermal stage. 

The first discovery of spilitic rocks in New Zealand is announced 
by J. A. Bartrum in two papers (“ Spilitic Bocks in New Zealand,” 
Oeol. Mag., LXXIII, 1936, 414-23 ; “ Notes on the Geology of 
Three Kings and other Outlying Islands of Northern New Zealand,” 
N.Z. Joum. Sci. and Tech., XVIII, 1936, 626-30). The series con- 
sists of spilite, albite-porph 3 rry and quartz-keratophyre, and is 
described with the aid of th^ new analyses. The author comes 
to the conclusion that the albite and oligoclase of these rooks are 
primary in the fullest sense, and he dissents from the views of Gilluly 
and other writers that these minerals have been formed by meta- 
somatic replacement. 

In his paper on “Basic and Ultrabasio Bocks in North-west 
Otago,” C. 0. Hutton (Trane, and Proe. Boy. 8oc. N.Z., 66, 1936, 
231-64) describes gabbroidal rocks, nephritm and tremolite-rooks, 
serpentinites and talc-schists, which have undergone mechanical 
and chemical changes under pressure for the origin of which the 
author invokes the aid of solutions derived firom the basic magmas 
themselves. 
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P. Marshall describes the geology of Mayor Island (New Zealand), 
which is the upper part of a volcano composed of alkali-rhyolites, 
including comendite, obsidian and pantelieritio liparite, of which 
several new analyses are given {Trans, and Proc. Roy. Soc. N.Z., 
66, 1936, 337-46). 

J. D. H. Wiseman gives petrographical descriptions and ehemioal 
analyses of four basaltic rocks dredged from the Carlsberg Ridge 
in the northern part of the Indian Ocean at a depth of 3385 m. 
(Sci. Repls. John Murray Expedition, 1933-34, 3, No. 1, 1937, 1-30). 
Throe of the analysed rocks are oligoolase-basalts ; the other is 
homblende-augite-dolerite. They all show spilitic affinities, with 
low total iron, high soda and low potash. This is good evidence 
that the rooks represent submarine eruptions, and not a sunken land 
area. The rocks are chemically different from the Deccan Traps 
and the Gondwana basalts, and their content of radium (determined 
by J. H. L. P<x)le) is also systematically different. 

It is imiK)8sible adequately to summarise A. Lacroix's great 
memoir on “ Le Volcan Actif do L’lle de la Reunion et sos Produits ” 
(Paris ; Gauthier- Villars, 1936, pp. 297, 68 plates and map ; 
Lithology, pp. 141-260) in a paragraph. It gives a description of 
the general geology and the petrology of the present volcano, the 
Piton do la Fournaise, and of the ancient volcanic massif called the 
Piton des Neiges. The lavas are mainly basalts and oceanites, but 
traohyandesites and trachytes also occur. Many new chemical 
analyses are published. The reader is referred to a review by R. A. 
Daly (Amer. Joum. Sci., XXXIV, 1937, 406). 

In their paper on “ Helium-ratios of Rocks and Minerals from 
the Diamond Pipes of South Africa,” A. Holmes and F. A. Paneth 
{Proc. Roy. Soc. London, A, 164, 1936, 383-413) show that the 
helium-ratio of kimberlite, corresponding to an age of 68 million 
years, is consistent with the Late-Cretaoeous age assigned to the 
diamond pipes ; and amphibolite xenoHths, Imown to be Pre- 
Cambrian, give ” ages ” much higher than kimberlite. Three 
eologite nodules also have high helium-ratios, and are thus proved to 
be accidental xenoUths derived from pre-existing country-rooks, and 
not early segregations from kimberlite magma as formerly thought. 

A. Holmes has made an outstanding ” Contribution to the 
Petrology of Kimberlite and its InolusionB ” {Trans. Oeol. Soc. 8. 
Africa, XXXIX, 1936, 379-427), with the aid of 12 new anal 3 raes 
by L. S. Theobald. As a result it is stated that kimberlite magma 
can now be regarded as the chemical equivalent of olivine-melilitite 
(formerly melilite-basalt) to which abundant water and carbon 
dioxide, with some CaO, PtO», and other minor constituents, have 
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been added. The inclusions of the jieridotite suite are believed to 
represent an ultrabasio layer occupying a deeper level than that 
hrom which the eclogites were derived. 

In a valuable memoir on “ The Magmatic Nickoliferous Ore 
Deposits of East Griqualand and Pondoland,” D. L. Scholtz (Trans. 
Geol. Soc. S. Africa, XXXIX, 1936, 81-210) discusses the geology, 
petrology and ore deposits of the great gabbro-norite massifs of 
Insizwa, Tonti, Tabankulu and Ingoli. Apparently he regards these 
masses as erosion remnants of an originally single intrusive sheet 
which was characterised by roughly parallel but markedly undu- 
latory upi)er and lower surfaces. Three petrographical units are 
distinguished : (1) roof zone with rocks of granitic composition ; 
(2) central zone, consisting primarily of gabbro ; (3) basal zone, 
characterised by picrites or olivine-rich hyperites, which is the 
repository of the ores. The petrography of the intrusion is discussed 
with the aid of numerous new analyses. All available evidence 
seems to indicate that the ore behaved in a manner essentially 
analogous to a residual granitic magma, and retained its liquid 
condition after the majority of the silicates had crystallised. 

The lavas of Bufumbira (see later paragraph) and the melilite- 
rich lava of Katunga in south-west Uganda contain an abundance 
of transfused quartz xenoliths, which are partly altered to a glass 
having much the same composition as a potash-rich acid obsidian. 
These inclusions have been investigated by A. Holmes (Min. Mag., 
XXIV, 1936, 408-21) with the aid of the micro-chemical technique 
developed by F. Hecht, who carried out the analyses himself. The 
formation of alkali-rich glass is ascribed to the transfusion of ema- 
nations from the basic and ultrabasio alkalic lavas in which the 
quartz xenoliths are enclosed. 

The Katunga volcano of south-west Uganda and the petrography 
of its lavas are described by A. D. Combe and A. Holmes respectively 
(Oeol. Mag., LXXIV, 1937, 196-219). The new rock type katungite 
is defined as an alkalic ultrabasio rock with more potat^ than so^, 
consisting of essential melilite and olivine. Discussion of the origin 
of katungite and related lavas follows the same lines as in Holmes’s 
larger memoir on Bufumbira (see next paragraph). 

The Tertiary and Recent volcanic rooks of the Bufumbira area 
in south-west Uganda are described in great detail in a magnificent 
memoir by A. Holmes (petrology) and H. F, Haurwood (chemical 
analyses) (Oeol. Surv. Uganda, Mem. No. Ill, Part II, 1937, pp. 
xiv-f300). The rocks are classified in six main groups : olivine- 
leudtite series ; melilite-feldspathoid series ; leuoite-basanite series ; 
potash-trachybasalt series (absarokite-shoshonite-banakite series) ; 
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potBsh-traohyandeaite or latite series ; and limburgite-trachybasalt 
series. Many of these lavas contain ejected blocks and inclusions 
of plutonic habit such as peridotite and biotite-p}nroxenite. A 
valuable final chapter on petrogenesis based on these observations 
elaborates the theory of metasomatism and transfusion by magmatic 
emanations which Holmes and D. L. Reynolds have urged in recent 
ye€UB. Twenty-six new analyses are contributed to the discussion, 
and several apparently justifiable new rock names have been coined. 

“ The Chilwa Series of Southern Nyasaland ; a Group of Alkaline 
and Other Intrusive and Extrusive Rocks and Associated Lime- 
stones,” by F. Dixey, W. Campbell Smith and C. B. Bissct {Nyasa- 
land Protectorate: Oeol. Surv. Dept. Bull., No. 5, 1937, 86 pp.), is 
another important memoir on African petrology, dealing with a 
group of alkaline igneous rocks regarded as marking a hitherto 
unrecognised phase of Karroo or early post-Karroo igneous activity. 
The Chilwa Series comprises a group of vents of pijw-like form, 
infilled mainly by limestone which is thought to be of deep-seated 
origin, and with a minor development of hydrothermal rocks. Some 
of these vents are invaded by intrusions of syenite and nepheline- 
syenite, and one by ijolite, which are cut, in their turn, by a varied 
suite of dike-rocks including phonolite, camptonite and olivine- 
nephelinite. Feldspathio intrusions and breccias in the vents, 
felsitic or rhyolitic in appearance, turn out to consist of a rare 
rock type containing 70 per cent, or more of orthoclase. The main 
features of the Chilwa vents are similar to those of the classic Fen 
district of Norway ; and here, as there, the problem of the origin 
of the alkaline rocks is closely related to that of the associated 
limestones. 

S. J. Shand’s observations on “ The Rocks of the Kedong Scarp, 
Kenya Rift Valley ” {Geol. Mag., LXXIV, 1937, 262-71) cover four 
rock-groups : (a) trachyte lavas and tuffs, forming nine-tenths of 
the cliff ; (6) porphyritio olivine-basalt formii^ the base of the 
scarp ; (c) syenite-porphyry occurring on the rim of the Kijabe 
terrace ; and (d) enclosures of obsidian and augitite in the Kijabe 
tuff. The minoralogioal and chemical relationships between the 
basalt and the augitite suggest that both rocks may have been 
derived from the same magma by the flotation of early plagioclase 
crystals with oonourrent subsidence of early crystals of augite and 
hornblende. 

A. M. Champion describes the recent and active volcanoes of 
the region around the southern end of Lake Rudolf, Kenya Colony 
{Sleitachr. /. VuUe., XVII, 1937, 163-72), with petrographioal notes 
by W. Campbell Smith. The latter author mentions basanitoid. 
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phonolitic, trachyte, phonolite, and nepheline-basanite, as products 
of these volcanoes. 

The field-relations of “ The Late Tertiary Igneous Books of 
Egypt ” are described by G. Andrew (The Egyptian Univ. : Bull. 
Fac. 8ci., No. 10, 1937, 01 pp.). The rocks consist of olivine-basalts 
and olivine-dolerites, some of which show alkaline affinities in the 
common presence of interstitial primary analcite. An alkaline 
character is pronounced in the rooks of the vents of south-western 
Egypt and of the Wady Araba in eastern Egypt. The Egyptian 
Tertiary petrographical province appears to form a part of that of 
Equatorial Africa, and may be related to the younger igneous rocks 
of Abyssinia and Arabia. 

The Late Tertiary and recent volcanic rocks of Nicaragua, 
described by 0. Burri and R. A. Sender (Zeitschr. f. Vulk., XVII, 
1936, 34-92), consist of olivine-basalts, augite- and hypersthene- 
andesites, dacites and rhyolites. They are closely related to the 
lavas of Lassen Peak and the Sierra Nevada. Many new analyses 
are recorded. 

In a memoir on the “ Ring-dike Complex of the Belknap Moun- 
tains, New Hampshire,” D. Modell (Bull. Oeol. Soc. Amer., 47, 
1936, 1886-1932) writes : “ The geological map of the Belknap 
Mountains shows an igneous complex marked by a notable annular 
arrangement of its imits. The Albany quartz-syenite forms an 
arcuate, almost oval-shaped, intrusive ribbon. Symmetrically 
grouped along the western edge of the" complex are arcuate masses 
of quartz-syenite, syenite, and monzodiorite. ... In the south- 
eastern part of the Belknap complex, two arcuate remnants of the 
schists and intrusives older than the White Mountain Magma Series 
further accentuate the structure. This dominance of annular 
arrangement is too marked to be the result of chance distribution 
of intruding magmas. From the petrological distribution pattern 
alone, the conclusion must be drawn that a specialised tectonic 
mechanism — ^that of ring-intrusions — has been operative.” 

The alkaline rocks at Red Hill, New Hampshire, described by 
A. Quinn (Bull. Oeol. Soc. Amer., 48, 1937, 373-402) probably form 
a ring-structure with an outer ring of coarse syenite, an iimer ring 
of nepheline-Bodalite-syenite, and a central mass of syenite (the 
Firetower Syenite). The last-named is cut by three small plugs 
of quartz-syenite, syenite and fine-grained granite. On the other 
hand, the author thinks that the mass may possibly represent a 
plug of coarse syenite partly eviscerated by later intrusions. The 
rooks belong to the White Mountain Magma Series, and the intrusion 
is one of a series which commonly take the form of ring dikes. 
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In hifl paper on Petrology of the Syenite Stock at Cherry 
Mountain, New Hampshire,'* R. W. Chapman (Amer, Joum, Sci., 
XXXIII, 1937, 161-86) shows that this mass constitutes an elliptical 
stock intrusive into older granites. It covers an area of 3^ sq. miles, 
and is built of syenites belonging to the White Mountain Magma 
Series. It is believed to have been emplaced by cauldron subsidence 
in post-Lower Devonian times. 

The “ Geology of the Cardigan Quadrangle, Now Hampshire,’* 
is described by K. Fowler-Lunn and L. Kingsley {Bull. Qeol. Soc. 
Amer., 48, 1937, 1 363-86). The rocks consist of a basement of 
Littleton Schists ( Devonian) which is injected by a series of intru- 
sions belonging to the Now Hampshire Magma Series. The latter 
consist of the Bethlehem Gneiss, Kinsman Quartz-monzonite and 
Concord Granite, which are aU sill-like bodies. The injections took 
place while pressures were still operating, with the result that 
gneissic structures have been produced. 

The Lincoln Sill, Maine, described by J. M. Trefethen {Jotirn. 
Oeol.y XLV, 1937, 353 -80), varies from a porphyritic alkali-syenite, 
through syenite and monzonite, to augite-diorite near the contacts. 
The attitude of the sill is nearly voi’tical, in accordance with the 
attitude of the country rocks. It is thought possible that hybridism 
accounts for the unusual composition of the rocks. 

In his ‘‘ Review of the Problems of the Sudbury Irruptive,” T. C. 
Phemister {Jourii. Ocol.y XLV, 1937, 1-47) approaches the subject 
from two points of view : (1) the nature of the intermediate zone 
between the acid and basic portions ; (2) the place of the assemblage 
within the Keweenawan petrographical province. He considers 
that the intermediate rocks are hybrid types formed at the contact 
between solidified basic rocks and acid magma. The basic member 
probably represents the products of fractionation of the parent 
diabase magma of the province, and also an early separating olivine- 
diabase component. 

In G. R. Heyl’s memoir Geology and Mineral Deposits of the 
Bay of Exploits Area ** {Newfoundland Dept, of Nat. ResourceSy Oeol. 
Sect. Bull., No. 3, 1936, 66 pp.) is an account of a great volcanic 
episode in Ordovician times which produced a typical spihtic series, 
accompanied by dolerite dikes and a laccolith of dolerite ; and later, 
by intrusions of diorite and gabbro. An orogenic deformation 
followed, probably at the end of the Silurian, which was marked 
by the intrusion of batholiths of granodiorite with lamprophyre 
dikes. The petrography of these rocks is illustrated by several 
new analyses. 

The memoir by J. R. Cooper on the “ Geology of the Southern 

3b 
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Half of the Bay of Islands Igneous Complex ” {Newfoundland Depi. 
of Nat. Resources, Oeol. Sect. Bull., No. 4, 1936, 62 pp.) is primarily 
a petrological and structural study of a part of the western serpentine 
belt of Newfoundland. This belt consists of four large masses of 
serpentine, with accompanying basic and ultrabasic rocks which 
show marked gravity-stratification. These four masses are inter- 
preted as erosion remnants of a single lopolithio or sheet-like intru- 
sion. The petrography of this remarkable massif is iliustrated by 
seven new analyses. 

The above-cited memoir dealt mainly with the two southernmost 
ultrabasic masses of the Bay of Islands complex. A. F. Buddington 
and H. H. Hess, in a paper on “ Layered Peridotite Laccoliths in the 
Trout River Area, Newfoundland ” {Amer. Joum. Sci., XXXIII, 
1937, 380-8), suggest that the tyjje of structure postulated by Cooper 
may be applied to the two northern masses, and criticise adversely 
E. Ingcrson’s view that they represent tilted laccoliths (Amer. Joum. 
Sci., XXIX, 1935, 422-49). Ingerson briefly replies reasserting his 
hypothesis (Amer. Joum. Sci., XXXIII, 1937, 389-92). 

T. L. Keeler has come to the following conclusions in his study 
of the “ Granitic Injection Processes in the Columbia Quadrangle, 
South Carolina ” (Joum. Oeol., XLIV, 1986, 32-44). The intrusion 
of granite and the conversion of volcanic and sedimentary rocks into 
schist are results of the same geological cycle. Schist near the 
granite has boon subjected to lit-par-lit injection and replacement 
by granitic material. An advanced stage of injection and replace- 
ment is expressed by granitic rock in which schistose and gneissose 
structures are preserved ; but in an extreme stage, inherited struc- 
tures have been obliterated, the resulting rock being a contaminated 
granite. 

The Stillwater banded complex of basic and ultrabasic rooks, 
exposed in the Beartooth Mountains of Montana, is the subject of 
two papers, one by J. W. Peoples (JRept. XV 1th Intemat. Oeol. Congr., 
Washington, 1933, 1936, 353-60), and the other by A. L. Howland, 
J. W. Peoples and E. Sampson (Montana Bureau of Mines and 
Geology, MisceU. Contribns., No. 7, 1936, 1-15). It consists of a 
basal norite, interpreted as a chilled fades, followed by 2600 feet of 
pyroxenite and peridotite, and finally by a banded norite — anortho- 
site facies. The mass is regarded as a sheet or lopolith tilted up 
on edge and locally overturned. The arrangement of the several 
layers is interpreted as gravity stratification. The. second paper 
deals with the complex mainly as a soiu'oe of nickel, chromium and 
platinum. 

L. V. Pirsson’s early study of the famous Shonkin Sag laccolith 
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of Montana led to its being regarded as a classic example of differ- 
entiation in place within a single intrusion. On the basis of new 
and much more detailed field and laboratory data than Pirsson’s, 
J. D. Barksdale (Amer. Jouni. Sci., XXXIII, 1937, 321-59) holds 
that the well-marked la3'’ering of the laccolith is best accounted for 
by the hypothesis of three separate intrusions. 

“ The Volcanic Rocks of the Valley Area, Park County, Wyo- 
ming,” are described by J. T. Rouse (Trans, Amer. Qe/yphys, Union, 
16th Ann, Meeting, 1935, 274-84). They consist of basic tuffs and 
breccias, with a thick intercalation of basaltic lavas which include, 
beside ordinary basaltic types, the highly potassic basic lavas known 
as leucite-absarokite. Some of the breccias represent volcanic 
mud-flows. 

The ” Igneous Geology of the Spanish Peaks Region, Colorado,” 
previously well known Ixjcause of its radial dike-swarm, is ex- 
haustively dealt with by A. Knopf (Hull, Geol, Soc, Amer., 47, 
1930, 1727-84). Two stocks, resj)ectively consisting of granite- 
and granodiorite-pori)hyry, and of syenite, underlie the peaks. 
The dikes, more than 500 in number, radiate from these masses, 
and consist of minettos, vogesites, camptonites, fourchites and 
teschenites. Because of the abundance of analcite, indicating high 
water content, some of the dikes are of plutonic habit. 

“ Scores of volcanic necks, dikes and lava-cap jied mesas rise 
from the high plateau of north-east Arizona and the adjacent part/S 
of Utah and New Mexico.” Howell Williams describes the geology 
and petrology of these ” Pliocene Volcanoes of the Navajo-Hopi 
Country” (Bull. Oeol. Soc. Amer., 47, 1936, 111-72). The Hopi 
Buttes volcanic field consists of limburgites, analcite-basalts and 
monohiquites, trachybasalts and olivine-basalts ; the Navajo fields 
include a well-marked cauldron-subsidence, and the lavas are sani- 
dine-trachybasalts corresponding to the potash-rich intrusive rocks 
which form minettes, leucitites, monchiquites and alnOites. All 
these masses contain an abundance of foreign inclusions consisting 
of acid plutonic and gneissic rooks, schists, norites and Iherzolites. 
The magma-types are of alkaline characters, and there is a regional 
variation from a slightly sodic type in the south to a strongly potassic 
type in the north. 

C. A. Anderson describes the “ Volcanic History of the Clear 
Lake Area, California ” (Bull. Oeol. Soc. Amer., 47, 1936, 629-64). 
The volcanicity began with a flow of olivine-basalt with tuffs and 
breccias of Late Pliocene or Early Pleistocene age. Mt. Konocti is 
on eroded multiple composite cone built chiefly of rhyodacite lavas 
and tuffs. Recent volcanic activity is represented by the explosion- 
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crater of Little Borax Lake, the hypersthene-dacite plug-dome of 
Chalk Mt., cinder cones and various lava flows. Quicksilver deposits 
are associated with the recent oruptives of Sulphur Banks. 

The “ Petrology of the San Marcos Gabbro, Southern California,” 
is described in detail by F. S. Miller {Bull. Geol. Soc. Amer., 48, 
1937, 1397-1426). The main rock types are norite and hypersthene- 
gabbro, with large areas of homblende-gabbro. Ohvine-norite and 
eucrite also occur. These gabbros, of which 40 bodies are known 
in an area of 60 sq. miles, represent the initial phase of a Jurassic 
composite batliolith which consists mainly of tonalite and grano- 
diorite. All of the San Marcos gabbro types were derived ultimately 
from the same parent magma, and form a continuous fractional 
differentiation series from norite, through quartz-biotite-norite and 
quartz-biotite-homblende-gabbro, to tonalite. The irregular dis- 
tribution of hornblende reflects an original erratic distribution of 
mineralisors in the intrusion. 

J. Verhoogen has published an interesting study of “ Mount 
St. Helens: A Recent Cascade Volcano” {Univ. of Cal. Publ., 
Bull. Dept. Oeol. 8ci., 24, No. 9, 1937, 263-302). The rocks consist 
mainly of basalts, andesites, dacites and pyroclastics of various 
types. The volcano rests on a platform consisting of Eocene (?) 
sediments and Keechulus Andesite lavas (Miocene). It was built 
up at the close of the Glacial epoch and, beginning with the out- 
pouring of olivine-basalts, continued with successive eruptions of 
basalts and andesites. The pyroclastics are restricted mostly to 
the very early and late stages of activity. Plugs or domes of 
andesite and dacite occur at the summit of the volcano and at 
several points on its flanks. 

Numerous dikes and plugs, and a few small stocks, ranging 
petrographioally from augite-diorite to granite, penetrate the 
Tertiary volcanic rocks in a narrow belt extending longitudinally 
through the Cascade Range of Oregon. These rooks, and their 
somewhat extensive contact-zones, are fully described by A. P. 
Buddington and E. Callaghan (Amer. Joum. /Set., 31, 1936, 421-49). 
The replacement of plagioclase by orthoolase is a common feature 
in these intrusive bodies. 

INVERTEBRATE PAXJEONTOLOGY. By H. Diohton Thomas, 

M.A., Ph.D., F.G.8., British Museum (Natural History). 

Thb remarkable Middle “ Cambrian Centropleura vermonteneis 
Fauna of Northwestern Vermont ” (B. F. Howell, BuU. Oeol. Soc. 
Amer., XLVIII, 1937, 1147-1210) includes the earliest chordate 
so far discovered. The most nearly related fauna is the slightly 
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older one of Bennett Island, off northern Siberia, while the Farad- 
oxides forchammeri fauna of Scandinavia is also allied. 

An enormous work in four volumes entitled “ Etudes g6ologiqueB 
sur le Maroc central et le moyen Atlas septentrional,” by H. Termier 
{Notes Mem. Serv. Mines Carte Oeol. Maroc, XXXIII, 1936, 1-1666), 
gives a full description of the stratigraphy, structure, palaeontology 
and petrology of the region. 

The “ Eocene Beds of the Punjab Salt Range ” have been in- 
vestigated by L. M. Davies and E. S. Pinfold {Palceont. Indica, 
n.s., XXIV, 1, 1937, 1-79). The Ranikot Beds are overlain uncon- 
formably by the Laki, with a notable change in fauna. The fossils 
described are mainly the larger foraminifera. The fauna shows 
that a close correlation can be made between the Ranikot beds of 
the area considered and those of Thibet. 

In ” PalsBontologia della Somalia,” A. Silvestri monographs the 
foraminifera (Palceont. Ital., XXXII, suppl. 2, 1937, 46-264) and 
R. Zuffardi-Comerci (ibid., 265-301) the corals from the Oligocene 
and Miocene beds. Both authors show the stratigraphical distri- 
bution of the various species. 

The “ Fusulinids of the Subfamily Schubertellinss ” have been 
studied by M. L. Thompson (Joum. Paleont., XI, 1937, 118-26), 
who shows that the genotype of SchuberteUa is Permian in age, 
and that it possesses a spirotheca composed of a tectum, and a 
rather thick inner layer of light material. Further, L. G. Henbest 
{U)id., 212-30) has proved that a typical keriothecal wall-structure 
is present in several well-known American species of Fusulina, as 
had been maintained by J. J. Galloway. This necessitates a re- 
definition of the Family Fusulinidie and of its two sub-families, the 
Fusulininss and the Schwagerininae. 

Other important papers on the distribution and structure of 
the Fusulinidse are by the following : C. 0. Dunbar and J. W. 
Skinner {BvU. Univ. Texas, 3701, 1937, 617-826), J. S. Lee 
(BvJl. Oeol. 8oc. China, XVI, 1937, 68-99), F. and G. Kahler 
(PaJceontographica, LXXXVII, A, 1937, 1-44 and Compt. Bend. 
Deux. Congr. Avane. Etudes Strut. Curb. 1935, 1937, 446-87), M. L. 
Thompson and C. L. Foster (Joum. Pakont., XI, 1937, 126-44), 
H. Huzimoto (Jap. Joum. Oeol. Oeog., XIV, 1937, 117-26), N. D. 
Newell and R. P. Keroher (Joum. Pakont., XI, 1937, 698-706), 
and D. Rauser-Cernoussova (PuM. Labor. Pakont. Moscow Univ. 
Stud. Mieropakont., I, 1, 1937, 9-26). 

” Studies of Mexican Fossil Foraminifera ” enable R. W. Barker 
and T. F. Grimsdale to demonstrate the presence of an interseptal 
canal-system in the three sub-genera into which Miogypsina is 
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divided. They also believe that a similar system exists in SotaUa, 
from which genus they postulate that Miogypnnoides was evolved 
directly in the Middle Oligooene (Ann. Mag. Nat. Hist., ser. 10, 
XIX, 1937, 161-78). 

In discussing the morphology of the foraminifer Spiroclypeua 
and reviewing its known species, Tan Sin Hok (De Ingenieur in 
Nederlandsch-Indie, IV, 1937, 177-93) concludes that that genus 
and Cycloclypeus have originated along two separate lines from 
Heterostegina. 

In “ Planktonforaminiforen aus der Kreide und dem Eozan 
und ihre stratigraphische Bedeutung ” (Publ. Labor. Pakont. 
Moscow Univ. Stud. Micropaleont., 1, 1 , 1937, 27-46), M. F. Glaessner 
recognises fifteen horizons distinguished by their foraminiferal as- 
semblages, and suggests that the species of Olobotruncana are of 
stratigraphical significance. 

Z. Sujkowski discusses “ Les radiolarites du gothlandien inf^rieur 
des Monts de Ste. Croix en Pologne ” (Bull. Serv. Oiol. Pologne, IX, 
(1), 1937, 69-88), and considers that the vast extent of the Qoth- 
landian deposits, their association with volcanic submarine eruptions, 
and their limitation to geosynclinal areas point to their being oceanic 
deposits. They are an extreme facies of the graptolitic shales, 
which he concludes were not deposited in enclosed gas-poisoned 
seas, but under conditions approximating to those of the Sargasso 
Sea, though differing from them in the lack of aeration of the bottom 
waters. 

T. H. Ting has carried out a “ Revision dor Archaeocyathinen,” 
in which group he recognises the presence of spicules and of four 
types of canal-system (Neues Jahrb. Min., etc., LXXVIII, B, 1937, 
327-79). He concludes that those organisms are to be classed in 
the sub-order Tetracladina of the Porifera. A. G. Vologdin also 
considers that they belong to that phylum, and divides them into 
two classes, Regular and Irregular (Pvbl. Labor. Palecmt. Moscow 
Univ. U.8.8.R. Probl. Paleont., II-III, 1937, 463-600). 

Aeanthograptus suecieus (Wiman) (0. M. B. Bulman, Oecd. 
Pdren. Fdrhandl., LIX, 1937, 182-8) possesses a peculiar grouping 
of the elongate, tubular thecas into twigs. This feature may have 
been attained along more than one line of descent leading to various 
genera. 

G. L. Elies discusses “ The Classification of the Ordoviciui 
Rocks ” (Oeol. Mag., LXXIV, 1937, 481-96), and maintains that 
the zone of Nemagraptus gracilis falls within the Llandeilian, for the 
elements of its graptolitic fauna are those of the Leptograptid fauna. 

“ Die Graptolithen fauna im unteren DidymograptusschiefBr 
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(Fhyllograptusaohiefer) Norwegens,” by A. Monsen {Norsk geol. 
tidaakr., XVI, 1937, 57-266), is an important monograph of the 
graptolites of the Lower Ordovician of Norway, of which 122 species 
and varieties are described. 

“ ConchopeUia Walcott, an Ordovician genus of the Conulariida,” 
is shown by J. B. Knight to have had a quadrilateral radial 
symmetry, and four symmetrically arranged pairs of markings 
resembling muscle-scars. He therefore suggests that ConchopeUia, 
the Conulariid®, and the Tentaculitidas would bo better classed 
either with the Hydrozoa or the Scyphozoa than with the Mollusca 
{Joum. Pakont., XI, 1937, 186 -8). 

The tabulate corals from the Devonian limestones of the eastern 
slopes of the Urals, discussed by V. Porfiriev {Mater. Gentr. Oeol. 
Proap. Inst. U.8.S.R. Paleont. Strut., HI, 1937, 22-34), belong mostly 
to the genus Fmmitea. In addition, “ The Australian Massive 
Species of the Coral Genus Favoaites ” have been monographed by 
0. A. Jones {Bee. Austral. Mua., XX, 1937, 79-102). This author 
is able to recognise two general tendencies, namely, (1) the Middle 
Devonian forms have thicker walls than those of the Silurian, and 
(2) incomplete tabulse are more common in the former than in the 
latter. 

“ Individual Variation in the Rugose Species Heliophyllum halli 
E. and H.” is an important study by J. W. Wells {Pakvont. Amer., 
II, 6, 1937, 1-22). On the basis of a large number of si)ecimens, he 
shows that the six sijecies and two varieties of Heliophyllum previ- 
ously recorded from the Middle Devonian Ludlowville Formation 
of New York really fall into one species and one variety. 

E. C. Sturam’s study of “ The Lower Middle Devonian Tetra- 
corals of the Nevada Limestone ” {Journ. Paleont., XI, 1937, 423- 
43) shows that they find their closest analogues in the Calceola 
Limestone of the Rhine Valley, and not in the Onondaga Limestone 
of North America. 

In their stratigraphical distribution the “ Corals of the Upper 
Silurian and Lower Devonian of the Eastern and Western Slopes of 
the Urals ” are shown by E. Soshkina to compare well with those 
of North America and Europe, especially with those of the Silurian 
of Gotland {Trav. Inat. PaUozool. Acad. Sci. U.R.8.8., VI (4), 1937). 

The simple corals of the Middle Carboniferous of the Moscow 
Basin are dealt with by T. Dobrolyubova {ibid., (3), 1937, 1-92), 
and byN. Kabakovitch {ibid., (3), 1937, 93-116). The two higher 
horizons, which yield the richer coral fauna, can be identified by thek 
eharacteristio species of Bothrophyttum. 

** Los fichinides fossiles du S^ntJgal,” described by J. Lambert 
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and F. Jaoquet {Bvll. Soc. Oiol. France, 6 s^r., VI, 1986 (1937), 
339-61), oome from the Upper Cretaoeons and Eocene. Other 
African eohinoids are monographed by J. Lambert in “ Echinides 
fossiles du Maroc ” {Notes Mem. Serv. Mines Carte Oiol. Maroc, 
XXXIX, 1937, 1-109). Jurassic, Cretaceous, and Tertiary species 
occur. This paper also includes a review of the stratigraphy by 
H. Termier. 

“ Neue Beitrage zur Kenntnis der permischen Echinodermen von 
Timor VIII-XITT,” by J. Wanner {Palmontographica, Suppl.-Bd. 
IV, IV Abt., 2 Lief., 1937, 67-212), is a monograph of some of the 
families of the beautifully preserved Permian crinoids of Timor. 
Many new genera and species are described. 

K. St. Joseph has determined the internal structures of 
Camarotoechia b^ealis (von Buch 1834, ex Schlotheim 1832) and 
of Rhynchotreta cuneata (Dalman) by grinding down specimens 
from the umbones to give serial drawings or transfers, from which 
enlarged scale models were prepared {Oeol. Mag., LXXIV, 1937, 
33-48 and 161-76). 

B. Lioharew discusses the Chonetidae and the Productidse in 
“ Brachiopoda of the Permian system of U.S.S.R.” {Paleont. U.S.8.R. 
Monog., XXXIX, 1, 1937, 1-161). He holds that the various genera 
into which Productns has been divided are to be considered as only 
sub-genera, and stresses the importance of the trail and of the 
marginal characters in classification. 

In “ Die deutsohen Zechsteinbrachiopoden ” {Abhandl. Preuss. 
Oeol. Landesanst., N.F., CLXXXV, 1937, 1-77) E. Malzahn gives 
full descriptions of the several species, and discusses the variations 
to be found in Productus horridus and its varieties and in P. timanicus, 
as well as their descent. 

The “ Stratigraphic Significance of Some Late Paleozoic Fene- 
strate Bryozoans ” in Kansas is demonstrated by M. K. EUaa (Joum. 
Paleont. , XI, 1937, 306-34). The fenestrellids show evolutional 
changes in the increase of distance between branches, dissepiments, 
zooeoia, and spines. Interesting morphological and stratigraphioal 
results are also deduced by A. H. McNair in his studies on “ Crypto- 
stomatous Bryozoa from the Middle Devonian Traverse Group of 
Michigan ” {Contrih. Mus. Paleont. Univ. Michigan, V, 9, 1937, 103- 
70). A correlation of that series with the New York Hamiltonian 
is indicated. 

Those interested in Carboniferous stratigraphy, faunas, and 
floras, will find numerous important papers in Compt. Rend. Dem. 
Congr. Avanc. Etudes Strut. Garb. 1935, 1937. “ The Coal Measures 
of Bristol and Somerset,” by L. R. Moore and A. E. Trueman (Qttarf. 
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Joum. Oeol. Soc. Land., XCIII, 1937, 195-240), should also be con* 
suited. In addition, the non-marine shells of the Carboniferous are 
the subject of works by A. Wood {Quart. Joum. Oeol. Soc. Land., 
XCIII, 1937, 1-22), D. Leitch {Trans. Geol. Soc. Olasgow, XIX, 
1937, 390-408), and B. J. Tschemyschew {Mater. Centr. Oeol. Prosp. 
Inst. U.S.S.B. Paleoni. Strat., Ill, 1937, 17-21). 

The discovery of Lower Triassic marine fossils in the Chinglung 
Limestone of the Lower Yangtze VaUey and the Nanking Hills is of 
importance, as few diagnostic fossils Iiavc been previously found or 
described from those areas. Indeed, marine Triassic rocks are far 
from widely developed in China. The now discoveries are discussed 
by T.-Y. Hsu in “ Contributions to the Marino Lower Triassic 
Fauna of Southern China” {Bull. Oeol. Soc. China, XVI, 1937, 
303-346). They include lameUibranchs and ammonites. 

V. Pcelinoev shows that the moUuscan faunas of the Liassic and 
Lower Dogger deposits of the Crimea and the Caucasus belong to 
the Middle European province. He also gives a useful account of 
the stratigraphy of those regions {Paleont. U.S.S.R. Monog., XLVIII, 
1, 1937, 1-86). 

An extraordinary discovery is the occurrence of freshwater 
lameUibranchs with a hinge-structure reminiscent of Trigonia in 
Senonian deposits in Indo-China (J. H. Hoffet, Bull. Serv. Oiol. 
Indochine, XXIV, 1, 1937, 1-26). 

In his study of the geology of the Province of Camaguey, Cuba, 
H. J. MaoGiUivray has carried out a revision of the rudistids {Oeog. 
Oeol. Meded. Min. Oeol. Inst. Rijks.-Univ. Utrecht, Physiogr.-Oeol. 
Reeks, XIV, 1937, 1-168). 

“ The WangaJoan and Associated MoUuscan Faunas of Kaitan- 
gata — Green Island Subdivision ” are considered by H. J. Finlay 
and J. Marwick to be of Danian age. These New Zealand moUuscs 
would seem to show that the period between the Meestrichtian and 
the Palseocene was much longer than is generaUy conceded. The 
fauna includes several new genera and species {New Zealand Oeol. 
Surv. Palceont. Bull., XV, 1937, 1-140). 

Important monographs of American moUusca are those on the 
OUgocene and Lower Miocene shells of Florida by W. C. Mansfield 
{State Florida Dept. Conaerv. Oeol. Bull., XV, 1937, 1-334), axid on 
the Tertiary Texan gastropods, mainly of Eocene age, by G. D. 
Harris {Palceont. Amer., II, 7, 1937, 1-122). 

Shantungendoceras, a new genus of the nautiloidea from China, 
is the first true Holochoanite from Cambrian rocks. Y. C. Sun con- 
siders that later forms are derived from it {BuU. Oeol. Soc. China, 
XVI, 1937, 347-66). He holds that VolbortheRa is a primitive 
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oephalopod, possibly ancestral to the new genus. As a result of 
investigations on “ Salterella conulata and its Allies,’’ T. Kobayashi 
concludes, however, that certain species of Salterella, together with 
Volborthella tenuis, form a group of mollusca intermediate between 
the Hyolithidse and the Nautiloidea {Jap. Joum. Oeol. Oeog., XIV, 
1937, 173-83). 

Of outstanding importance is the critical survey by F. B. Plummer 
and G. Scott of the “ Upper Paleozoic Ammonites in Texas ” {Bull. 
Univ. Texa^, 3701, 1937, 13-616). The phylogeny of several of 
the families is established, and important modifications in the 
classification of the ammonites are found to be necessary. 

The “ UpiMsr Cambrian and Lower Ordovician Trilobita and 
Ostracoda from Vermont ” are systematically described by P. E. 
Raymond {Bull. Oeol. Soc. Amer., XL VIII, 1937, 1079-146). The 
Apatokephalus stock of trilobites is found in the Upper Cambrian 
in Vermont, and seems to have appeared earlier in North America 
than in northern Europe. 

F. Raw discusses the “ Systematic Position of the Olenellidea 
(Mesonacidee) ” {Joum. Paleont., XI, 1937, 676-97), which, he claims, 
should be elevated to the rank of a separate order, in view of their 
unique possession of a specialised metaparial grade of head plan, 
and of their separation from mesoparial and proparial trilobites 
by the loss of the dorsal facial sutures. These structures can be 
correlated with the early adoption of a shallow burrowing mode 
of life, for which the body-form in most of the genera is well 
adapted. 

The British Valentian fauna is so little known that W. F. 
Whittard’s investigations on the trilobites of Shropshire marks an 
important advance {Ann. Mag. Nat. Hist., ser. 11,1, 1938, 86-140). 

Carboniferous trilobites are the theme of works by V. Weber 
{Pakont. U.8.8.R. Monog., LXXI, 1, 1937, 1-160) and J. M. Weller 
{Joum. Paleont., XI, 1937, 337-46). The latter shows that many 
of the American species have been derived from a primitive form 
typified by PhiUipsia, and that the most complete series of evolu- 
tionary changes are exhibited by the pygidia. 

An important insect fauna of Liassio age has been found in 
Ferghana, Turkestan (A. V. Mart 5 mov, Trav. Inst. PaUont. Acad. 
8ci. U.R.8.8., VII, 1, 1937, 1-180 and 181-232), where the Protor- 
thoptera and the Meganisoptera are shown to extend up into the 
Jurassic. The author considers that the Ferghana fauna is 
essentially an Angaran fauna, differing mainly in the presence 
of a considerable admixture of Australian or Indo-Australian 
elements. 
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BOTANY. By Proficssob E. J. Salisbury, D.Sc., F.R.8., University 
College, London. 

No. 17 of the New York State Museum Handbooks (1937) consists 
of a series of articles by various authors dealing with the vegetation 
survey of Alleghany State Park. This is an area of over 150 sq. 
kilometres which was formerly occupied by forest but was despoiled 
by lumbermen so that hardly any of the original vegetation remains. 
The semi-natural communities that have resulted from rejuvenation 
give, however, a fairly complete idea of the climax types. On 
the better-drained ground this climax would appear to have been 
high forest of Beech (Fagus grandifolia) and Sugar Maple {Acer 
saccharum), whilst Hemlock {Tsuga. canadensis) was also an im- 
portant feature, especially at lower levels where, too, Oaks and 
Poplar are frequent sjieoies. Comparison of existing frequencies 
with those indicated by surveyors’ records of the primeval forests 
of 1798 would appear to show that the chief effects of the replace- 
ment of virgin plant communities by seminatural ones are marked 
decreases in the frequency of the Beech and Hemlock, of Pinus 
strobus and Castanea dentata. The first three of these are 8j>ecies 
of the final phases and their diminution can be attributed to the 
effects of lumbering, but the almost complete disappearance of 
the Chestnut is the consequence of attack by fungal disc^ase. On the 
other hand increases are shown by the Sugar Maple and Acer rubrum, 
the latter a definite pioneer species. Attention should be called 
to the concluding section, which is concerned with administration 
policy and stresses matters, that are equally cogent in tliis country, 
such as the importance of recognising the proper relations between 
recreational, scientific and economic aspects and the need for proper 
biological control, as for example in the matter of the preservation 
of fallen timber, to ensure alike the preservation of the plants and 
animals wliich they furnish with food. 

Data respecting the average length of life of some desert per- 
ennials and changes in the desert flora over a period of thirty years 
are furnished by P. Shreve and A. L. Hinckley in the October number 
of Ecology (18, 463-78, 1937). The observations were made in the 
grounds of the Desert Laboratory and show a moderate constancy 
in the number of large perennials, but a steady increase in the plant 
population as a whole, especially as regards the small woody per- 
ennials. The following average spans of life are indicated : Cerci- 
dkm microfhyllum^ more than 200 years ; Ferocactus wislizeniy ca. 
130 years ; Fouquieria splendens, ca, 60 years ; Encelia farinom 
and Franseria deMoidea, under 22 years ; PodophyUtm gracila and 
BiddeUia Cooperi, over 7 years ; Sphrerahea grossularifolia, under 
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7 years. There is thus a wide range of life span even amongst the 
perennials of a single plant community. As regards the changes 
in frequency, the most striking wore the increased numbers of 
individuals of Frameria deltoidea from 19 in 1906 to 169 in 1936, 
whilst Mendosa scabra exhibited a decrease from 66 in 1906 to 46 
in 1929, the number rising again in 1936 to 71. 

In a recent paper by O. A. Bushnell and W. B. Sarles (Soil 
Science, 44, 409, 1937) experiments are reported upon the root 
nodule bacteria of 44 wild species of plants. Most of these are 
allocated to the well-known cross-inoculation groups of the Cowpea ; 
Pea and Vetch ; Kobinia ; Amorpha ; Lupin ; Medicago ; Tri- 
folium ; and Strophostyles. The chief interest in these results 
attaches to several species which could not be assigned to either of 
these groups and amongst which were several species of Astragalus. 
If further study should confirm the suggestion that the nodule 
organisms of this genus do not belong to any of the commoner and 
widespread strains, this may perhaps be an important factor in 
bringing about the localised character of the distribution of members 
of this genus. 

The species Nicotiana tabacum and Nicotiana rusticum, though 
alike in having a haploid chromosome complement of 24, yield 
hybrid offspring which have an unbalanced chromosome complement 
and are in consequence self-sterile. D. Kostoff (Proc. Indian Acad. 
Sci., B, V, 237-44, 1937) treated 81 germinating seedlings of such 
hybrids by centrifuging, with the object of inducing doubling of the 
chromosomes. One of the treated plants produced a single branch 
in which the chromosome complement was 96 (amphidiploid) and 
the flowers on which proved to be self-fertile, whilst those on the 
other branches of the plant with 2n-48 were self-sterile. The off- 
spring resulting from the selfing of the flowers on the amphidiploid 
branch were either markedly self-fertile, markedly sterile or partially 
so. The same author records a fertile plant with 80 somatic chromo- 
somes resulting from a cross of Nicotiana muUimlvis (2n— 48) and 
N. maveolens (2n-22), presumably an amphidiploid and perhaps 
induced by high-temperature. 

The parthenooarpio development of fruits has been induced in 
several species by Gustafson, and by Hagemann in Gladiolus by 
the application of growth-promoting substances to the styles. 
Gardner and Marth (Bot. Oaz., 99, 184, 1937) now report similar 
parthenooarpy resulting from the spraying of holly plants in bloom 
with growth-promoting substances and also by adding these to 
the soil. Spraying was also eflioaoious in producing parthenooarpy 
in strawberries, but not with grapes or even apples. 
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The embryo development of Erythronium and Caloohortus is 
described by P. Guerin {Ann. des 8ci. Nat., XIX, 255, 1937), who 
records in the former genus the normal occurrence of polyembryony. 
The massive proembryo gives rise to from two to four embryos, of 
which all but one abort. 

A study of pure cultures of diatoms by F. Gross {Phil. Trans. 
Roy. Soc., B, 228 , 1-47, 1937) has produced evidence that the 
centric diatom Ditylum Brightwelli requires the interaction of three 
factors in order to stimulate the formation of resting spores. These 
factors are, firstly, exhaustion of the medium of nutrient substances 
as indicated by their formation taking place when the density of 
the diatoms per unit volume attains a certain value, namely 1000 
cells per c.c. of culture medium. Secondly, a temperature below 
10° C., and indeed subjecting cultures to the temperature of an 
ice-box caused higli rates of spore formation. Thirdly, low light 
intensity. When the two last factors obtain, as in autumn and 
winter, resting spore formation takes place at night, although 
followed by their germination during the succeeding day. The 
continuous diminution in size of the frustules was observed in 
cultures of eight species. Below a certain minimum the diatoms 
perish, unless the size bo restored by auxospore formation. This 
latter process takes place only when the cells are below a certain 
size and is the more readily induced by conditions of deficient 
nutrition the smaller the individuals concerned. 

The auxospores are formed by the flowing out of the protoplasm 
from between the two halves of the frustule, and young auxospores 
showed the presence of one large and two small nuclei, suggesting 
a reduction division. In Ditylum no microspores take part in the 
process. 

The mycorrhizal relations of the Ericaceas have been the subject 
of much controversy. Dr. Rayner claimed that in CaUuna the 
fungus extended to all parts of the plant, even to the seeds, thus 
ensuring infection of the succeeding generation. It was further 
claimed that such infection was obligatory for the successful growth 
of the Heather. The infection of the aerial organs has been denied 
by Christoph and by Freisleben ; moreover, Knudson successfully 
cultivated Galluna vulgaris in aseptic cultures in the absence of the 
fungus. The problem has been recently investigated in the genus 
Rhododendron by H. D. Gordon {Ann. BoL, N.S., I, 593) who finds 
no evidence for the presence of the fungus in the aerial organs, and 
indeed concludes that it is confined to the roots. Furthermore the 
association would appear not to be obligatory, since seedlings were 
grown for months in the absence of infection. In Rhododmdron 
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ambiguum grown under normal conditions the first sign of infection 
did not appear till six weeks after the sowing of the seeds. Such 
facts appear to be consistent with the view that the fungus is an 
iimocuouB parasite. 

Anatomy. — A study of the development of the spiral elements 
of Bicinua communis by Miss F. M. Scott {Bot. Oaz., 99, 69, 1937) 
shows that they arise from uninucleate procambial cells which subse- 
quently become multinucleate. These cconocytic cells attain a 
length of from 90 fi to 2600 yu and may contain as many as twenty- 
three nuclei. The development of the cellulose spiral appears to 
bo rapid and to occur more or less simultaneously throughout the 
element. The contents do not break down till after lignification 
of the spiral. The elements do not show any trace of septa and 
may therefore represent an advanced stage of specialisation of the 
vessel in which septa formation has been phylogenetically lost. 

ZOOLOGY. By Emehitus Pbofessor W. Gabstano, M.A., D.Sc. ; E. B. 

Ford, M.A., B.Sc., J. A. Moy-Tuomas, M.A., and B. W. Tcckeb, M.A., 

The University, Oxford. 

Duboscq and Tuzet (Arch. Zool. Exp., 79, 1937, 167-316) have 
now published their fully illustrated account of the early develop- 
ment of Calcareous Sponges, the preliminary notes on which were 
summarised by us last October (Vol. XXXII, 320). In addition 
to what was there reported, we draw attention to important 
observations on the maturation and fertilisation of the egg, the 
description of four eye-like organelles perradially arranged, “en 
crotr,” in the larva, and to the comparison drawn with a parallel 
case of reversal of surfaces in Volvox. 

Doris R. Crofts (Phil. Trans., B, 228, 1937, 219-68) gives a 
thorough account, admirably illustrated, of the development of the 
Gastropod Haliotis. Eggs and sperms are ejected through the 
shell-holes above the mantle-cavity, and fertilisation is exteimal. 
The eggs sink, and the embryo begins to rotate within the vitelline 
membrane about eight hours after fertilisation. It hatches an hour 
or two later as a true trochophore, with only the slightest indication 
of Molluscan characters. The larvee are pelagic for at least two 
days, and are phototropic, revolving on an axis through the apical 
pole, which lacks the ciliary tuft of Patella. During this period 
mantle, shell and foot undergo their development, and the first 
stage of torsion is accomplished. Prior to torsion the hind-gut 
imdergoes its ventral flexure, the mantle grows forwards ventrally, 
enclosing the foot rudiment from behind, and the shell assumes its 
primary exogastric curvature. A strong retractor muscle develops 
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early from the right meaoderm band, and extends from the shell 
dome to the dorsal side of the velum, making a wide arch round the 
right side of the visceral hump. On the second day a weak retractor 
also develops on the left side, but remains dormant for about five 
days. After metamori^hosia and commencement of creeping habits, 
this muscle connects with the shell and enlarges greatly as the colu- 
mellar muscle of the adult. The commonly accepted view that the 
larval (right) retractor becomes the columellar muscle is thus 
erroneous. 

Torsion begins at about thirty hours after fertilisation. “ The 
asymmetrical velum retractor muscle is mainly responsible for the 
rapid first 90*^ of torsion. . . . The second half of torsion is brought 
about slowly by differential growth. The development and migra- 
tion of the columellar muscle is mainly responsible for it.” The 
difference between some of the author’s results and those of Smith 
on Patella (abstract in this Journal, XXXI, 1936, p. 329) are care- 
fully examined, and the pa{>er concludes with a lucid discussion of 
the various theories of Gastropod torsion. 

G. H. Foxon (Ann. Mag. N.IL (10), 18, 1930, 403-19) has made 
an important correction of Lankester’s account of the movement of 
Annelid parapodia. In creeping movements, the right and left 
parapodia of any one somite move to and fro alternately, not simul- 
taneously, as Lankester thought, and each backward movement is 
accompanied by a protrusion of acicula and chrotae, which are 
retracted at the beginning of each forward swing. In swimming, of 
course, the body itself is thrown into undulations, and the phases 
of parapodial movement are distributed over an increasing number 
of somites, but, as long as the eye can follow, always with the two 
appendages of each somite in antagonistic phase. The walking 
movements of Centipedes, but not Diplopods, follow the same plan. 

E. J. W. Barrington (Phil. Trans., B, 228, 1937, 209-81) breaks 
new ground in Amphioxus by a physiological study of its digestive 
system. Extracts of the pharynx yield no digestive enzymes, but 
these (amylase, lipase, and protease) are all produced through most 
of the gut region. From the range of pH values, they must be 
essentially similar to those already known in Tunioata, but an 
unexplained acidity of the contents of the “ liver ” seems to exclude 
this organ as a seat of actual digestion or absorption. Physiologi- 
cally the gut is divided by a clear region, the ilio-colon ring,” into 
two regions. The mid-gut in front, with its diverticulum (the 
so-called “ liver *’), is essentially secretory, the hind-gut mainly 
absorptive. The ilio-colon ring itself is strongly ciliated, and sets 
the pharyngeal food-rope rotating, the direction being downwards 
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on the left side and upwards on the right, ».c. anti-olookwise to an 
observer from behind (not in front, as inadvertently stated on 
p. 272). A “ dorsal ciliated tract ” causes a backward current from 
midgut to anus, and a peculiar “ lateral tract ” (better “ dorso- 
lateral ”) on the loft side anteriorly collects stray particles that enter 
outside the food-rope or are carried forwards by midgut eddies. It 
conveys them backwards and dorsally. The net result of these and 
other arrangements is to drive digestive secretions from the diverti- 
culum and raidgut on to the rotating food-rope in the gut lumen, 
and to detach partly digested particles from the rope and transfer 
them to the epithelium of the hindgut, which is said to ingest them. 
It is claimed that Amphioxus resembles the higher Chordates in 
possessing an extra-cellular digestive mechanism, but differs from 
them in completing the digestive process intracellularly. The 
“ liver ” is held to have no special claim to that title, and to be com- 
parable with certain anterior diverticula at the base of the oesophagus 
in Australian Ammocoetes. These forecast a digestive organ more 
nearly of the pancreas type. 

Two things puzzle one after reading this obviously careful study. 
Firstly, how is it that the rotation of sticky particles should sub- 
serve entanglement and concentration in the pharynx, but dis- 
entanglement and dispersal in the ilio-colon ring ? Secondly, not 
a word is said about the actual food of Amphioxus. Its reactions to 
a diet of gold, carmine, and ink leave us still in the dark as to how it 
tackles diatoms, which presumably form a large proportion of its 
normal food. There seems to be no evidence that such things are 
intracellularly digested. 

Clausen and Mofshin {Aruit. Bee., 67, suppl. 1, 1936, 104) have 
shown by oxygen consumption studies that the pineal eye of the 
lizard, Anolis carolinensia, acts as a photoreceptor, though the eyes 
are the essential organs in this connection. Clausen and Foris 
{Anat. Bee., 69, 1037, 39-50) find an increase in spermatogenic 
activity in this reptile as a result of artificial illumination, but the 
stimulation is greater when the pineal is removed. Hence this organ 
is evidently not one of the primary avenues of light reception serving 
towards testis activation, but on the contrary seems to behave to 
some extent as an inhibitor in this connection. 

Bemarkable results have been obtained by Lack and Lockley 
{Brit. Birds, 31, 1938, 242-248) in homing experiments with Manx 
Shearwaters {Puffinus puffinua). Ringed individuals of this pelagic 
species taken from known nesting burrows on Skokholm island, 
Pembrokeshire, were released in various parts of the British Isles 
and made successful returns from such places as Birmingham and 
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Evesham in the centre of England and the Isle of May in the Firth 
of Forth, the special interest of the latter case lying in the fact that 
while the distance to Skokholm overland is about 340 miles a return 
by sea could only be made by a much longer and roundabout journey 
of some 800 miles. Successful returns were also accomplished after 
releases off Spain and off the Faeroes, involving distances of 600 
to over 700 miles, and finally one of two birds released at Venice on 
July 10 was found back at its burrow a fortnight later. The latter 
is undoubtedly the most extraordinary case of a homing return by 
a bird yet recorded. Venice is some 660 miles (overland) outside 
the range of the species, 930 miles from Skokholm overland and 
3700 miles (or 2600 if it crossed Italy) by the sea-route, which both 
from the general habits as well as the observed behaviour of experi- 
mental birds on release, appears much the more likely to have been 
followed. Hypotheses of visual memory, difficult enough in various 
other cases of homing, become absolutely impossible here and the 
physical basis of this kind of orientation remains a mystery. Experi- 
mental work is being continued. 

Genetics. — J. B. Hutchinson and R. L. M. Ghose (J. Oenet.y 
34, 1937, 437-46) have provided a comprehensive summary of the 
genetics of “ crinkled dwarf” in cotton. The importance of this 
mutant, which is normally recessive and controlled by a single 
factor-pair, lies in the critical evidence which it provides for the 
study of dominance modification. These authors have now proved 
that the condition has arisen in Oossypium hirsuium by mutation, 
a fact which disposes of one of the two difficulties felt by Harland 
in accepting without reservation the theory of dominance modi- 
fication by selection postulated by Fisher. His second objection, 
that the heterozygotes are not at a disadvantage compared 
with the normal form, also appears to be removed. A re-examina- 
tion of his data shows that the vigour of the heterozygotes had 
probably been maintained by unconscious selection. 

H. Griineberg (ibid.y 169-89) has obtained a test case demon- 
strating the position effects of genes. He has studied a gene in 
DroBophila producing very rough eyes when situated in an inverted 
segment of the X-chromosome, and he finds that its effect disappears 
when the original alignment is restored. 

K. Oguma {ibid.y 247-64) has now provided additional evidence 
to show that the female is the heterogametic sex in the Reptilia. 
It may be, therefore, that this condition had been attained by the 
common ancestor of birds and living reptiles, of course after the 
separation of the mammalian line. He has shown that the chromo- 
some number of the Soft-shelled turtle {Amyda japonica) is 64 in 
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the male and 63 in the female. In the latter sex, X is evidently 
present without a partner. The use of the WZ terminology, 
employed by this author, should be abandoned. 

G. W. Beadle (Genetics, 22, 1937, 687-611) has made a further 
important contribution to the study of physiological genetics. He 
has analysed the origin of the diffusible substance now found to bo 
concerned in the production of most of the eye colours of DroaophiUt. 

Vbbtbbeatb Pal^ontologv. — Watson (Phil. Tram., B, 228, 
49, 1937) has given an entirely new accomit of the structure of the 
Acanthodians. These fishes, which have hitherto been generally 
considered to be nearly allied to the cartilaginous Elasinobranchs, 
are shown to be more closely related to the earlier Arthrodires, 
Macropetalichthyds, Rhenanids and Pterichthyds. The Elasmo- 
branchs form a concise group, whose evolution starts in the Upper 
Devonian with primitive forms like Cladoselache, whereas the Acan- 
thodians are first found in the Upper Silurian and are far more 
specialised than the Elasmobranchs before the latter appear. The 
Acanthodians have no specialised spiracle but a fully formed 
hyomandibular gill-slit, and in later forms a mandibular operculum. 
Watson believes that this condition is general in the Arthrodira, 
Macropetalichthyds, Rhenanids and Pterichthyds and consequently 
classifies them with the Acanthodians in the class Aphetohyoidea. 
In addition to the unspecialised hyoidean gill slit, the group is 
characterised by the possession of dermal and perichondral bones. 

Westoll (Nature, 141, 127, 1938) describes a new skull roof 
Elpiatoatege, which he believes shows characters intermediate between 
Osteolepids and early Amphibia. Accordingly he has produced a new 
system of comparison between the Crossopterygian fish skull roof and 
the Amphibian. The essential difference is due to a relative shorten- 
ing of the neurocranium posteriorly, which he believes to cause a 
similar shortening of the dermal bones in this region. He thus com- 
pares the frontals of Osteolepids with the parietals of Amphibia, and 
makes corresponding changes in the nomenclature of the other bones. 

Aldinger (Medd. Orenland, 141, 1937) has described the Actino- 
perygian fish fauna of the Permian of East Greenland. The interest 
of his paper lies mostly in a bold and not altogether unsuccessful 
attempt to classify the Palseoniscids into families by the micro- 
scopic structure of their scales. 

ENTOMOLOGY. By H. F. Barubs, M.A., Ph.D., Rothanwted Expert- 

mental Station, Harpenden. 

Htubnoftbra. — Olfactory conditioning in an endoparasitic in- 
sect, the ichneumonid Nemeritia caneacem, and its relation to the 
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problem of host selection has been studied by W. H. Thorpe and 
F. G. W, Jones (Proc. Roy. Soc. Lond., B, 124, 1937, 59-81). 
Normally this ophionine parasitises the larva of the meal moth 
Ephestia kuhniellay but in America there is a race which attacks the 
large wax moth Galleria mellxmella. No difficulty was found in 
securing oviposition on the larvse of the small wax moth Meliphora 
grisella provided that the Nemeriiia was first placed in close contact 
with Ephestia larvae so as to become contaminated with the smell 
of that host. Once the eggs were laid normal development pro- 
ceeded. The olfactory responses of Nerneritis reared in this way 
were compared, in an improved Mclndoo olfactometer, with those 
reared on the normal host Ephestia. The experiments showed that 
there is a strong germinally fixed tendency to follow up the odour of 
Ephestia, but in addition those reared on Meliphora showed a signifi- 
cant attraction to Meliphora. Although some changes in the 
olfactory responses may be brought about merely by exposing the 
N enteritis to contact with Meliphora larvec for a period immediately 
on emergence, the whole of the effect of roaring on Meliphora is not 
due to this. There is besides some conditioning effect resulting from 
the influence of the host acting during the pre-imaginal period. 
This demonstration of the possibility of “ pre-imaginal olfactory 
conditioning ** is of great interest because of its possible importance 
in starting evolutionary divergence. It is emphasised that the 
change of host does not result in any change of colour, size or struc- 
ture of the adult parasite. 

Some years ago Salt tested the validity of the random distribu- 
tion theory on field data concerning superparasitism of Cephas 
pygmcms by CoUyria calcitrator. He concluded that the females did 
not distribute their eggs at random but they exerted some dis- 
crimination. Marjory G. Walker {Parasitology, 29, 1937, 477-503) 
has analysed this field data in relation to relevant details of the life 
histories of both insects in an attempt to find something in the 
activities of the parasite to account for its observed distribution in 
its host. After discussing certain activities of the parasite, this 
investigator worked out various hypothetical distributions and 
fotmd that the most satisfactory one is obtained if one assumes that 
the probability of superparasitism occurring varies with the propor- 
tion of the parasitised hosts. It was also found, that a shortage of 
hosts at a time of parasite activity may cause a high degree of super- 
parasitism and so give an erroneous impression of the parasite’s 
ability to discriminate. 

As has already been noted (Science Progbbss, XXXI, No. 123, 
1937, 623) certain species of Coccophagw have a peculiar form of 
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bisexual development, the females developing only as primary endo- 
parasites and the males only as secondary ones either ecto- or endo- 
parasitically. A full account of this has now appeared by S. E. 
Flanders (Univ. Calif. Publ. Ent., 6, 1937, 401-22). Here it is 
shown that while the developmental histories of the females of 
different species are very similar, those of the males may differ 
radically. In five species considered the first instar of the male is of 
four types, planidium, modified planidium, teleaform (in two species) 
and of the common hymenopterous typo. The importance of a 
thorough understanding of this phenomenon may be expected to 
be of great importance in the successful utilisation of these parasites 
in biological control work. 

S. M. Cendana {Univ. Calif. PM. Ent., 6, 1937, 337-400) has 
contributed materially to the knowledge of the biology of the genus 
Coccophagm in a study of five Californian sjiecies. The members of 
this genus are parasitic on nondiaspidine cocoids. One particular 
point is that inhibited hatching of the larvae, which is described for 
the first time, is due to the failure of the female parasite to mate 
before oviposition. This phenomenon occurs in two of the species 
under investigation. 

There have been many investigations on the effect of parasites 
on their hosts. Recently G. Salt {Parasitology, 29, 1937, 639-63) 
has dealt with the effect of the host on its parasite. In this paper 
the prevalence of Trichogramma semblidis on the eggs of the alder fly, 
Sialis lutoria at Cambridge in 1936 is discussed and full descriptions 
of this parasite are given. Both forms of the dimorphic male differ 
constantly in several characters but neither is imperfect or degener- 
ate. Breeding experiments showed that it is principally the species 
of the host that determines which form of parasite shall emerge. 
Males reared on Sialis are of the apterous form while those reared 
on three species of Lepidoptera are of the winged form. The only 
other case of dimorphism in Hymenoptera that has been subject to 
experimental control is that of Apis mellifica. In this case also 
differences in the kind of nourishment taken during their develop- 
ment results in the alternative forms. 

P. Marshal {Ann. Epiphy. Phytog., 2, 1986, 447-660) has made a 
notable investigation into the biology and development of various 
biological races of Trichogramma occurring in France. There are 
apparently two groups : one represented by T. caccecicB and allied 
forms which have light colours and in wWoh parthenogenesis by 
thelyotoky dominates ; the other by T. evanescens and allied forms 
which have dark colours and in which bisexual reproduction domin- 
ates with arrhenotokous parthenogenesis also occurring. 
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Diftbba. — ^The physiology of digestion in insects until a few 
years ago was little understood. Wigglesworth in 1927 found that 
the cockroach, which has a mixed diet, secreted enzymes which 
enabled it to digest practically all kinds of food. Then the same 
worker studied a strictly blood-feeding insect, Oloaaina, In this 
case only proteolytic enzymes were found. Hobson carried our 
knowledge further when he demonstrated that larvae of Lucilia 
contained enzymes capable of digesting proteins, fats and carbo- 
hydrates. Thus in each case the enzymes found were those best 
suited to the food habits. D. N. Roy (Parasitology y 29, 1937, 
160-62) has recently studied digestion in Qaairophilua equi larvae 
which feed in the stomach of horses. Here the salivary glands 
secrete only a proteolytic enzyme, while the mid gut secretes amylo- 
lytic, proteolytic and lipolytic enzymes. This is in accordance 
with the view that the larvae feed not on blood but on the fluid 
products (protein, fats and carbohydrates) of digestion in the horse’s 
stomach. 

The corpora allata in Chironomua and Tijmla have been de- 
scribed and their occurrence in other Diptera Nematooera briefly 
reviewed by E. T. Burtt (Proc. Boy. Soc. Land., B, 124, 1937, 13-23). 
In addition, Weismann’s ring of cyclorrhaphous larvae is described 
in Calliphora and reasons are given for concluding this organ is the 
modifl.ed and fused corpora allata. Finally, Weismann’s ring is 
considered as the probable seat of origin of the hormone discovered 
by Fraenkel. This hormone was shown by him to control pupation. 

R. C. Muirhead Thomson {Parasitology, 29, 1937, 273-368) has 
made a contribution to our knowledge of the biology and larvae of 
anthomyid flies in a study of those species whose larvae are foimd in 
cow-dung. This community includes purely saprophagous and 
coprophagous species, semi-camivorous ones and obligative carni- 
vores. Special attention has been paid to a comparison of the ovi- 
position habits and eggs of the females and the development and 
structure of the larvse both in relation to food habit and to the 
systematic position of the adults. 

A comparative account of the larvae of Trichomyia urbica, 
Paychodes albipennia and Phlebotomua argentipes by D. Keilin and 
P. Tate {Parasitology, 29, 1937, 247-68) has shown that the larvae 
of the first mentioned are quite distinct both in their wood-boring 
habit and in their morphology from other psychodid larvae. 

A general paper on the nature, epidemiology and control of 
sheep myiasis in Britain has been written by J. MacLeod (J. Comp. 
Path, and Ther., 60, 1937, 10-32). This is a summary with refer- 
ences of the present knowledge concerning maggot fly pests. 
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Other Orders. — ^An outstanding contribution to the systematic 
knowledge of the family Isotomidae of the Collembola has been made 
in a posthumous monograph by J. W. Folsom (Smithsonian InstittUe, 
V.8. Nai. Mus., Bull. 168, 1937, 144 pp.). Although nominally 
dealing with nearotio forms there are twenty-one species and nine 
varieties which are also palearctic in distribution. J. Ford (J, 
Animal Ecol., 6, 1937, 98-111) has been studying fluctuations in 
natural populations of Collembola and Acarina. The characteristic 
observed was a fluctuation during the winter with increases in 
November and December and again in early and late February. 
This may be compared with lonescu’s results in woodland in 
Roumania where he found a double fluctuation with peaks in October 
and January in Collembola and Acarina. It is apparent that such 
fluctuations do not appear to be explained by environmental changes. 
The February minimum is shown to correspond with a period of high 
evaporation rate. During this period contrary winds destroyed the 
tussock structure which the population inhabited. 

Colour vision in the triungulin larva of the Strepsipteron Cori- 
oxenoa anteatice has been investigated by T. W. Kirkpatrick (Proe. 
R. Ent. Soc. Land., (A) 12, 1937, 40-4). Their faculty of distin- 
guishing colours, especially black and orange, is apparently of direct 
beneflt to them by tending to increase the number of individuals 
that succeed in attaching themselves to a potential host. In 
Tanganyika Territory this insect is a common parasite of the Penta- 
tomid Anteatia lineaticdlia, whose nymphs are predominantly 
black and orange. 

PHYSICAL ANTHROPOLOGY. By L. H. Dudley Buxton, M.A., 

D.Sc., Exeter College, Oxford. 

In our studies of the most primitive types of man we are for the 
most part dependent on odd, and often very incomplete specimens, 
whose position in the evolutionary series it is often difficult to deter- 
mine. Thanks, however, to good fortune and the energy and fore- 
sight of the late Davidson Black, we have in Sinanthropus a series 
both of adults and of children and can therefore assess which 
characters are really t 3 rpical and which are individual. It is natural, 
therefore, that a very extensive literature has grown up round 
“ Peking Man.” The latest contribution by Dr. Franz Weidenreioh 
(Joum. Roy. Anthrop. InatiUtU, LVII, 1937), who succeeded Black 
in the Ctenozoic laboratory at Peiping, is one of extreme interest 
and importance. Weidenreich was the first to assert the relation- 
ship between Sinanthropus, Pithecanihropm and Javanthropua. 
PUhecanthropua was found in Java many years ago by Dubois and 
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was for a long time the only representative of this primitive group 
of hominidfl, while Javanthropua is a more recent discovery, also 
coming from Java. The other very primitive types of man known 
are Eoanihrojms, found by Smith Woodward in Sussex, but not 
considered by Weidenreich in the pai>er under discussion ; Rhodesian 
Man, to which reference will be made later, is a skeleton found in 
South Africa which presents many characters which link it up 
with Neandertal Man, although many authorities have held somewhat 
diverse opinions about it, and it has even been associated by Dubois 
with Sinanthropus and Javanthropus, Discussing the form of the 
oast of the interior of the brain case, Weidenreich believes that 
neither Javanthropus nor Rhodesian Man is similar to Sinanthropus, 
for both display the characteristically flattened frontal lobe, with 
the broad and indistinct rostrum, characteristic of Pithecanthroptis 
and of recent man. In this respect Sinanthropus is much more 
primitive than Pithecanthropus. This general form of the frontal 
lobe is confirmed by a study of the details, and the arrangement 
of fissures and convolutions of Sinanthropus, as far as they can be 
recognised, resemble much more those of the chimpanzee than of 
modern man. Weidenreich is of opinion that, after having con- 
sidered all the peculiarities of the endocranial appearance of 
Pithecanthropus on the one hand and of Sinanthropus, Javanthropus 
and Rhodesian Man on the other, it becomes clear that there does 
not exist such a fundamental difference between Sinanthropus and 
Pithecanthropus, nor is there a closer connection between Sinanthro- 
pus and the other two as Dubois suggested. Sinanthropus is the 
most primitive and Pithecanthropus, in spite of the small size 
and the low brain case, represents a more advanced stage of evolu- 
tion. On the evidence of the general morphology of Sinanthropus, 
Javanthropus and Rhodesian Man Weidenreich concludes that 
there is no doubt that Rhodesian Man must be grouped with the 
Neandertal series. It has nothing in common with Sinanthropus, 
and he has come to the opinion that in relation to evolution the 
other two must be put in the following order, Javanthropus the most 
advanced, Sinanthropus (not Pithecanthropus) the most primitive. 
He believes that the configuration of the forehead and its relation 
to the frontal torus is decisive. In Pithecanthropus and Javanthro- 
pus there are two large frontal air sinuses, one on either side. In 
Sinanthropus the air sinuses are only several small holes strictly 
confined to the interorbital region. It is true that fi*ontal air 
sinuses extending over the orbital roof are found in recent man 
and in the apes, so it is impossible to decide whether their presence 
or absence is more primitive, but he believes that the smallness 
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and restriotion to the interorbital part is surely a speoiiio oharacter 
of Sinanthropus, and their largeness and extension in Pithecanthropus 
and Javanthropus prove the close relationship of the two types. 
Because of the uniformity in general absence of large sinuses and 
their restriction and the peculiar form of the forehead and torus, 
Weidenreich considers the smallness of the frontal sinus and the 
compactness of the frontal torus as a real primitive oharacter for 
hominids. He adds that, according to Turner, in 30 per cent, 
of Australian aborigines the frontal sinus is absent. Turner gives 
no data about its restriction. An examination of some recent skulls 
by the present writer, after reading Dr. Weidenreich’s article, 
would seem to suggest that the absence, or restriction, of the frontal 
air sinuses is certainly more frequent among the primitive races 
of man to-day than among the more advanced, but that the whole 
question needs further examination before allowing it as a specific 
character. 

Dubois considers Pithecanthropus to be a giant Gibbon. Weiden- 
reioh suggests that the Trinil thigh bone is definitely gibbon-like. 
The teeth which were found at Trinil show not the slightest 
resemblance to gibbon teeth. We cannot of course be certain 
that skull-cap, teeth and thigh bone belong to the same animal. 
Weidenreich then confining his attention to the skull-cap holds 
that in the endocranial cast there is a fundamental difference 
between the gibbon and Pithecanthropus. He states that on all 
the facts Dubois’ conclusion that Sinanthropus and Javanthropus 
are identical and Pithecanthropus is a giant ape is untenable, quite 
the reverse being true. The latter being in a more advanced stage 
of evolution than Sinanthropus, indeed he goes so far as to suggest 
that Pithecanthropus may be a small female of Javanthropus ; it 
will be remembered, as stated above, that geographically this is 
not impossible. The new finds of Peking Man show great variability 
and the size of the brain links these primitive forms with Neandertal 
man. The striking fact of the Sinanthropus material is that very 
primitive and far advanced features are found side by side, either 
in the same individual or in different ones. On the other hand 
only one specimen of Pithecanthropus is available and that in- 
complete. In point of fact, then, we still are in considerable 
doubt as to the exact evolutionary position even of those few 
specimens of early hominids and we do not know at all their real 
relationship to modem man. 

In regard to subfossil man — if we call by awkward name relics 
of men who resemble modem man but lived in very ancient or 
definitely prehistoric times — ^physical anthropology is definitely 
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in the collecting stage, and the accumulation of material goes 
on apace. It is particularly unfortunate, therefore, as has been 
previously stated in these columns, that anthropologists cannot 
come to a better concordat on method. The whole question is 
briefly reviewed by C. B. Davenport in the American Journal of 
Physical Anthropology, XXXIII, No. 1, 1937, under the title of 
Anthropometry. He concludes that the average technique of the 
anthroix)metri8t is a slap-dash thing and that it is little wonder that 
it becomes difficult to compare dift'orent results of different anthropo- 
metrists. After giving examples of those differences, he sums up 
the position by saying that the whole study of racial differences 
and the genetics of such differences is badly handicapped, and 
research on the physical development of children can hardly be said 
to be on a scientific basis. It is, however, to be noted that the 
Biometric school have recognised this fact and have done and are 
doing much to counteract this tendency, not only by standardising 
their own technique, but also by taking not only their own measure- 
ments but also using the technique of others when it happens to 
be standardised, so that results of very different schools of workers 
can be compared. 

The need of standardisation is seen especially in the numerous 
and valuable papers which give the results of field workers in various 
parts of the world. It is imj>ossiblo to discuss these in detail, but 
a selection of one or two may be given which show points of special 
interest. W. D. Hambly in Vol. XXV, No. 1, of Field Museum 
of Natural History, Anthropological Series, discusses some skeletal 
material from San Jos6 ruin in British Honduras. The skeletal 
fragments from Mayan graves are usually too broken for examina- 
tion, but Dr. Hambly has made a careful record of the few obtained 
from the San Jos6 site which will be of great value as a help in build- 
ing up a longer series of ancient Mayan remains. At the same 
time he has compared his material and that from Baking Pot 
with living Maya material and concludes that the ancient and 
modern types belong to the same population. The point is of 
interest as showing the persistence of a physical type associated 
with considerable change of culture. A. J. D. Meiring in his paper 
on the ** Wilton skulls of the Matjes River Shelter ** (Sodlogiese 
Navorsing van die Nasionale Museum, Bloemfontain, Deel 1, Sesde 
Stuk) adduces evidence for a very different type of persistence. 
The author believes that the culture associated with the remains 
may be roughly considered to be synchronous with the Azilio- 
Tardenoisian and a direct continuance with the European Aurigna- 
eian. We are, however, concerned not with the archsBological details 
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but with the physical type of these ancient men in South Africa. 
Meiring first compares these people with the Bushmen and concludes 
that there are no affinities ; he finds similar differences between 
them and the Hottentots and Bantu and considers that the presence 
of the Wilton folk in South Africa must be due to an immigration 
either from or through North Africa. After a careful comparison 
with ancient European remains, he concludes that there is a marked 
similarity between his specimens and the “ Cro-Magnon-Soluteean 
group.” He believes, after making due allowance for the smallness 
of the numbers in each group he finds, that the only differences 
between the South Africans and the Europeans is that the former 
have shorter faces, broader foreheads and crania which are slightly 
higher in the vault, but he emphasises the slightness of the differences. 
He makes it clear that he does not wish to imply that the ancestors 
of the Wilton folk ever lived in Europe but rather that they belonged 
to the same North African stock which also lived in south-western 
Europe at the end of the Pleistocene period, and he believes that 
the closest parallel is between the Wilton people and the Cro- 
magnon of Europe. 

Turning to recent man. Dr. Steadman in his Presidential address 
to the British Society for the Study of Orthodontics {Dental Record, 
1937) discusses malocclusion among the Tasmanian Aborigines 
and compares their dental health with that of modem civilised 
man. From an examination of their skulls he concludes that they 
were almost free from periodontal disease and suffered little from 
caries, although ” here and there abscesses appeared with the usual 
swollen face.” Their jaws were well developed and in early life 
the occlusion was normal. With advancing years, however, owing 
to the grit and dust in their food, there was considerable attrition, 
and in some cases the lower jaw was able to slide forward and 
possibly as the result some of them developed an edge-to-edge 
bite. He concludes, on the basis of his examination, that this 
absence of disease was due to the fact that they did not enjoy 
the “ sticky, sugary, carbohydrate food ” of modem civilisation. 
On the other hand their dental trouble, the attrition of the teeth, 
has ceased to exist amongst us because we eat our food, sticky 
though it may be, without a top dressing of dust and grit. 

Further effects of modem industrialism are discussed by G. H. 
Daniel, “ Changes in the racial character of the population of 
the Llandebie district ” {Joum. Roy. Anihrop. Inst., LXVII, 1937). 
This important paper discusses the racial characters of those people 
whose forebears were living in the district which lies 16 miles mnth 
of Swansea, astride the northern border of the South Wales anthracite 
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belt, before 1850, and an industrial sample*’ who represent 
immigrants. He concludes, after a series of measurements on 
living persons, that tlie industrial sample have consistently larger 
measurements than the pre-industrial sample, and he finds that 
there are definitely significant differences in the case of stature, 
forebreadth and lower jaw breadth and possibly in nasal facial 
height. In qualitative observations he found that the industrial 
population is darker in both hair and eye colour. On the other 
hand, he found no significant difference in the homogeneity of 
the two populations. This latter is an interesting point. There 
is every reason to believe that homogeneity is the result of isolation. 
On tlie other hand, here we find both the older population and the 
later immigrants equally homogeneous, or if we look at it from the 
other point of view equally heterogeneous. Wo must admit as 
true the conclusion of the author that even in pre -industrial days 
there was a continual movement of the population. It is interest- 
ing to note that work done by the Department of Social Studies 
in Oxford, communicated to the present writer by Mr. Gilbert, 
shows a wide range of original homes for the industrial immigrant 
population of that city, whereas according to figures collected by 
the writer, the non -industrial population round the city, although 
it shows an equally wide range ultimately, going back several 
generations, actually has its places of origin very differently 
grouped from those of the industrial group. Daniel analysed 
the occupations of the pre-industrial and industrial samples 
and found that there was an actual difference in their occupa- 
tions and thinks that it can be explained on the basis of their 
racial differentiation. There is, in point of fact, an excess of 
dark-haired people engaged in mining, whereas on the other 
hand there is an excess of fair-haired people engaged in non- 
industrial work. He considers that the explanation of a different 
racial make-up of the two sections of the population may be 
strengthened by considering sociological factors, which he explains 
as meaning those implied by the term “ social inertia.” This 
finding is very interesting in comparison with the writer’s data 
already alluded to, where in rural Oxfordshire among people of 
the same non-industrial occupations there was no racial difference 
between the immigrants and the “ aborigines.” 
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Artificial Oyster Production (J. H. O.) 

In a recent publication on ‘‘ Experiments in the Breeding of 
Oysters {Ostrea edulis) in Tanks . . . Fishery Investigations, Series 
II, Vol. XV, No. 4, 1936, by H. A. Colo from the Government 
Fisheries Experiment Station at Conway, an account is given of 
efforts to establish a process of tank breeding sufficiently simple 
and reliable to be of use to the practical oyster cultivator. 

A variety of experiments dating from 1919 have made it clear 
that larvfis can grow and settle in tanks under a considerable range 
of conditions of salinity, temperature, alkalinity and water circu- 
lation. Hence later experiments have been directed to food supply, 
nature of the food and condition of the parent oysters. To this 
end a very promising experiment was carried out in 1936. Freshly 
dredged oysters were added in April to two tanks both of which 
contained ordinary sea water, one only being enriched with crushed 
crab-meat following an established technique. The growth of 
probable larval food, especially nanno-plankton, was closely studied, 
along with the physical conditions, and related to the growth and 
settlement of the oyster larvae. The enriched tank gave the largest 
settlement of larvae ever experienced on tiles in the Conway tank, 
while the control tank gave only a meagre spatfall. The settlement 
in the enriched tank was on a commercial scale ; if this can be 
repeated without failures, the problem of the commercial artificial 
production of the European oyster is solved. The successful rear- 
ing of freshly extruded larvae to the settling size in a bell-jar con- 
taining only a Chrysomonadid flagellate offers further proof of the 
approach to ultimate success. The settlement of freshly extruded 
larvae reared to full size in untreated outside water in small vessels 
is a triumph to the credit of the Port Erin workers ; unfortunately 
in this case the kinds of possible food-organisms are unknown. 
There is therefore still some doubt as to the particular food-organisms 
which oyster larvae can utilise. The Conway experiments indicate 
strongly that micro-flagellates sufficed imder the conditions existing, 
while the Norwegian investigations indicate that green nanno- 
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plankton may have been the chief food in the oyster-pols, a circum- 
Btanoe that Cole considers doubtful. It seems possible that some 
other factor or factors may control the utilisation of the food- 
organisms. Young oysters on a sample of the tiles carrying the 
heavy Conway spatfall were transferred to the sea with cage 
protection and survived and flourished, proving their viability by 
attaining commonly a size comparable with naturally fallen 
spat. 

The results of new experiments on a large scale in the future 
on feeding larvaj on cultures of known organisms will bo awaited 
with great interest by oyster-cultivators. The Ministry have in 
the meantime justified their establishment of oyster-breeding experi- 
ment stations. 

Miscellanea 

The New Year Honours list included the following names well 
known in scientific circles : K.B.E. : Mr. T. Rigg, director of the 
Cawthron Institute, Nelson, Now Zealand. Knights : Mr. W. Palin 
Elderton, chairman of the British Insurance Association ; Mr. W. 
Rea veil, lately president of the British Engineers’ Association ; 
Dr. T. F. Sibly, vice-chancellor of the University of Reading ; 
Dr. C. McM. Wilson, dean of St. Mary’s Hospital Medical School ; 
Mr. D. R. Wilson, H.M. Chief Inspector of Factories. CM,0, : 
Dr. J. D. Tothill, director of agriculture, Uganda Protectorate. 
CJ,E. : Dr. C. W. B. Normand, director-general of observatories, 
Government of India. C.B,E, : Mr. J. B. Beresford, secretary of 
the University Grants Committee ; Mr. A. L. Hetherington, assistant 
secretary of the Department of Scientific and Industrial Research ; 
Dr. J. W. Mellor, lately director of the British Refractories Research 
Association ; Dr. E. C. Snow, joint honorary secretary of the Royal 
Statistical Society. O.B,E, : Mr. R. A. Farquharson, geologist in 
charge of the water boring scheme in Somaliland ; Dr. R. S, G. 
Knight of the Royal Naval Cordite Factory, Holton Heath ; Mr. 
F. Leney, lately curator, Norwich Castle Museum ; Mr. W. B. 
Rimmer, acting director of the Solar Observatory at Mount Stromlo, 
Australia ; Ram Chandra Srivastava, director of the Imperial Insti- 
tute of Sugar Technology, Cawnpore ; Dr. V. E. Wilkins, principal, 
Ministry of Agriculture and Fisheries. 

Mr. W. M. H. Greaves, chief assistant of the Royal Observatory, 
Greenwich has been appointed to be Astronomer-Royal for Scotland 
in succession to Prof. R. A. Sampson. 

The gold medal of the Royal Astronomical Society has been 
awarded to Dr. W. H. Wright, director of the Lick Observatory, 



SCIENCE PBOOBESS 


766 

Mt. Hamilton, California for his apeotrographic work. Brotee 
medals have been awarded to Mr. P. M. Ryves for his observations 
on variable stars and to Mr. F. J. Hargreaves for his general oonbri* 
butions to astronomy. 

The Symons Memorial gold medal of the Royal Meteorological 
Society has been awarded to Dr. G. M. B. Dobson and the Duddell 
medal of the Physical Society to Prof. H. Geiger. 

Lord Rayleigh has been elected president of the British 
Association ibr the meeting which is to be hold in Cambridge 
during the week August 17-24. The sectional presidents are as 
follows : A (Mathematics and Ph 3 r 8 ic 8 ), Prof. C. G. Darwin ; B 
(Chemistry), Prof. C. S. Gibson ; C (Geology), Prof. H. H. Swinner- 
ton ; D (Zoology), Dr. S. W. Kemp ; E (Geography), Prof. T. 
Griffith Taylor ; F (Economics), Mr. R. F. Harrod ; G (Engineer- 
ing), Prof. R. V. Southwell ; H (Anthropology), Prof. V. Gordon 
Childe ; J (Psychology), Dr. R. H. Thouless ; K (Botany), Prof. 
W. Stiles ; L (Education), Mr. John Sargent ; M (Agriculture), 
Prof. R. G. Stapledon. 

Dr. B. A. Keen has been elected president of the Royal 
Meteorological Society, Mr. J. E. Barnard, president of the Royal 
Microscopical Society, Prof. E. A. Milne, president of the London 
Mathematical Society, and Dr. L. J. Spencer, president of the 
Mineralogical Society. 

We have noted with great regret the announcements of the 
death of the following well-known men of science during the past 
quarter : Major E. E. Austen, formerly keeper of the Depart- 
ment of Entomology, British Museum ; Sir Jagadis Chunder Bose, 
physicist ; Dr. G. A. Boulenger, F.R.S., zoologist ; Prof. G. A. 
Buckmaster, physiologist ; Sir James Crichton-Browne, F.R.S. ; 
Mr. T. Nelson Dale, geologist, formerly of the Geological Survey of 
the U.S.A. ; Dr. N. G. Dal6n, N.L., physicist ; Prof. L. N. G. Filon, 
F.R.S. , mathematician ; Prof. C. Gravier, of Paris, marine zoologist ; 
Prof. A. Hutchinson, F.R.S., mineralogist and lately master of 
Pembroke College, Cambridge ; Prof. Alfred Lodge, mathematician *, 
Prof. H. Molisch of Vienna, botanist ; Prof. E. L. Nichols lately of 
Cornell University, physicist ; Prof. G. H. F. Nuttall, F.R.S., 
biologist ; Mr. W. H. Parker, director of the National Institute of 
Agricultural Botany, Cambridge ; Mr. G. Philip, chairman of Messrs. 
George Philip & Son, geographical publishers ; Prof. W. H. Picker- 
ing of Harvard, astronomer ; Dr. A. B, Rendle, F.R.S., botanist ; 
Prof. J. S. St&rba-Bbhm of the University of Prague, chemist ; Prof. 
Otto Warburg of the Hebrew University, Palestine, botanist. 
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Nature (Jan. 8) contained letters from P. ICapitza (Moscow) and 
Allen and Misener (Cambridge) dealing with the viscosity of liquid 
helium 11 at temperatures of the order of 2° K. It appears that the 
viscosity of helium in this state is extraordinarily low so that it 
is difficult to obtain non-turbulent flow in a capillary tube. Indeed, 
neither in a disk flow method devised by Kapitza nor with the fine 
long capillaries used by Allen and Misener was it possible to obtain 
laminar motion. Allen and Misener found that the velocity of flow 
changed only slightly for large changes in the pressure head so that 
neither lamina nor ordinary turbulent flow occurred in their experi- 
ments and it was considered possible that the liquid slips over the 
surface of the tube. It was agreed, however, that the viscosity is 
not greater than 10~* gm. cm. sec.~^ t.e., less than a ten-millionth 
of that of water at 20° C. 

The English International Institute Examinations Enquiry 
Committee which owes its existence to the Carnegie Corporation, 
the Carnegie Foundation and the International Institute of Teacher’s 
College, Columbia University, has issued a book by Sir Philip Hartog 
entitled A Conspectus of Examinations in Great Britain and Northern 
Ireland containing ‘‘ a sketch showing the width and variety of the 
field covered at the end of the first third of the twentieth century 
by the examination system ” in the countries concerned. The bulk 
of the book is devoted to detaUs of the examinations which mark 
the ends of the various stages of education from the elementary 
school to the University degree, but other matters are dealt with, 
e.gr. the procedure adopted for examinations conducted under 
statutory authority for admission to specified professions and call- 
ings ” of very diverse kinds including the law, midwifery and taxi- 
cab driving. It is easy to appreciate why “ no attempt is made to 
indicate the complex regulations which govern a choice of optional 
subjects ” but it follows that the book loses much value as a work 
of reference. The arrangement of the examinations with which 
the Universities are concerned is curious. In each case the examin- 
ations conducted by the University of Oxford come first, next those 
for which the University of Cambridge is responsible and lastly 
in alphabetical order the examinations conducted by the other 
universities ! 

The catalogue of the Atom Tracks Exhibition held in the Science 
Museum in London last winter may be obtained from the museum 
Or fipom H.M. Stationery Oflfioe, Adastral House, W.C.2, for Id, 
(post free). The exhibition included C. T. R. Wilson’s original 
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expansion apparatus, lent by the Cavendish laboratory, and nearly 
a hundred photographs covering the whole field of cloud track 
investigations from 1911 to 1936. The catalogue contains a plate 
illustrating four of these photographs (including that obtained by 
Anderson on August 2, 1932, which first gave definite evidence for 
the existence of the position). For nearly all the others a precise 
reference is supplied and in every case there is an adequate explana- 
tion both of the photograph itself and of the circumstances in 
which it was taken. The pamphlet, compiled by Dr. F. A. B. 
Ward, provides an admirable summary of atomic and sub-atomic 
physics and is well worth reading even by those not fortunate enough 
to see the Exhibition itself. 

The Bell Laboratories Record has of late been largely devoted to 
articles of purely technical interest. Attention may, however, be 
drawn to the description of a vapour-pressure humidostat and 
thermostat embodying an ethyl chloride psychrometer in the issue 
for November 1937. A new machine, called the isograph, for finding 
the roots of polynomial equation is described in the December 
number and a micrometer for measuring the thickness of com- 
pressible materials such as paper in the issue for January 1938. 
The rotatable end of this micrometer is connected to the screw only 
by a light hehcal spring. The rotatable member is turned until the 
end of the screw comes up against the object to be measured and 
then the turning is continued until the spring is compressed by a 
definite amount indicated by the alignment of marks scribed on the 
rotating head and on the screw barrel. In this way the object 
between the jaws of the micrometer is subjected to a definite pressure 
and the estimate of its thickness is not dependent on the operator’s 
judgment. 

The Bell System Technical Jourml for October 1937 contains an 
article by E. J. Murphy and S. 0. Morgan which gives a most excel- 
lent qualitative account of the various factors which determine the 
dielectric constants of different materials for different frequencies 
of the impressed potential difference. These factors may be classed 
as instantaneous and absorptive. The former operate at all frequen- 
cies, the latter at radio, audio or power frequencies. Instantaneous 
polarisations are completely formed in 10“^® sec. or less and are 
due to displacements of electrons within the atoms and to the 
displacement of ions in an ionic lattice or of atoms in a molecule 
or molecular lattice. Absorptive polarisation is due to the orient- 
ation of polar molecules (the Debye polarisation) and to interfaoial 
polarisation in heterogeneous media such as paper, laminated plasties 
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and ceramics. All of these, except that due to the displacement of 
electrons, are aflFeoted by temperature. 

The twenty -second annual Report of the Committee of the Privy 
Council for Scientific and Industrial Research, opens with a tribute 
to the inspiration and enthusiasm with which the late Lord Ruther- 
ford guided the work of the Advisory Council during his seven years 
of office as chairman. The Report records substantial progress 
in practically all directions of the Department’s work, both in the 
researches carried out by the research estabhshments of the Depart- 
ment itself, and in the laboratories of the research associations, 
formed on a co-operative basis in various industries under the 
Department’s auspices. The associations’ financial resources en- 
couraged by the present conditions of grant, maintain an upward 
tendency. The aggregate income subscribed by industry has now 
practically reached £250,000, and the Government’s grants amount 
to nearly half that sum. 

A new research association has been formed by the pottery 
industry, the first since 1931. The Pottery Manufacturers’ Feder- 
ation has guaranteed an income of £10,000 per annum for at leaist 
five years and the Department has agreed to make a grant of £5,000 a 
year so that the association starts its work with an adequate income. 

The total number of grants hold by students-in-training in 
the academic year 1930-37 remained unchanged at 121, but of 
these 81 were new grants, an increase of 13 over the previous year. 
No fewer than 60 of these grants were hold by chemists — an un- 
usually large proportion of the whole. The number of grants for 
speoial investigations increased from 51 to 59 mainly owing to an 
increase of 6 in the number made for physios. 

Turning to details of general interest it may bo noted that the 
Fuel Research Board is investigating a process for dust-proofing ” 
coal by spraying it with small quantities of a suitable oil and is 
enquiring into the possibilities of improvements in the domestic 
grate. The Food Investigation Board carried out a very complete 
investigation of the new system of refrigeration developed in the 
Ditton Laboratory of the Department for use on food ships used 
in the Australasian trade. In this system air is cooled externally 
and then driven rapidly in a vertical direction through the cargo, 
finally passing through hollow walls enclosing the cargo space to 
prevent heat leakage through them. The results of temperature 
measurements made on board ship during an actual voyage showed 
that the temperature was maintained uniform throughout the cargo 
space within 1® F. which is less than the 2® F. margin of uncertainty 
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as to the best temperature to be maintained in a cargo of 
apples. 

Work on the gas storage of home-grown William and Conference 
pears showed that these pears respond to gas storage even better 
than apj)le8. Trials are being carried out with strawberries, grapes, 
broccoli, peas, plums and asparagus. Experiments with poultry 
have shown that after 5 months’ storage at -10® C. in boxes lined 
with a composite aluminium foil-greaseproof pai>er the birds after 
thawing were undistinguishablo in appearance and palatability 
from freshly killed specimens. {The Report does not, however, 
state the time which elapsed between the thawing and cooking of 
the test samples — a matter of first importance to the consumer). 
The Food Manufacturers’ Research Association has boon concerned 
with meat products. In particular, efforts are being made to find 
a gelatine jelly which, when used to fill the spaces between i>ieces of 
meat packed in glass containers, will not melt at summer temper- 
atures. Tlie blackening sometimes seen in tins used for canned 
meats is also under investigation. It is due to tin sulphide (and 
iron sulphide if the iron is exposed by the fracture of the tin coating) 
and although it does not make the product in any way harmful it 
does make it less attractive. The sulphur is liberated from the 
meat proteins and it is hoped to find how the different canning 
processes affect the evolution of the sulphur so that their effect may 
be reduced to a minimum. The Wool Industries Research Associ- 
ation continues to devote attention to methods of minimising 
shrinkage. The Report contains no reference to the new process 
which was devised by the Association some three years ago and 
which, in 1936, was reported as being ready for tests under semi- 
manufacturing conditions. The Linen Industry Research Associ- 
ation is working on a process for spinning a new type of linen yam 
which has a soft bulky nature like wool with the advantages of the 
washability and non-shrinking of linen. 

These are only a very few of the i)oints dealt with in the 190-odd 
pages of the Report which may be obtained from H.M. Stationery 
Office for 3^^. net. 

The Annual Report, 1937, of the Director of the Imperial Institute 
suggests that the Institute is emerging very successfully from the 
critical position in which it was placed by the economic depression 
in 1929-30 when, but for the generosity of private benefactors, it 
was in danger of closing down altogether. Support from the Union 
Government of South Africa and a donation of £1000 from Sir 
Robert Hadfield has made it possible to bring the Mineral Resources 
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Intelligenoe Seotion almost up to full strength and the publication 
of the very valuable monographs on minerals, which was resumed 
in 1936, was continued in 1937. The staff was reorganised in 1935 
and last year the contribution of the Institute to the pension fund 
was increased from 5 to per cent, of all salaries. The Galleries 
have been rearranged on a system which links the various Empire 
Courts in a geographical sequence and the exhibits rearranged to 
appeal esf>ecially to the school parties which formed the major part 
of the 600,000 visitors in the year under review. A Press Publicity 
Officer was aj)j)ointed in 1936 and his work combined with that of 
the Director is serving to make the Institute and the facilities it 
offers better known throughout the Commonwealth. 

The U.S. Department of Commerce has published a third edition 
of the Bureau of Standards Handbook entitled Ccnle for Protectmi 
against Lightning (H 21. Price 15 o. from the Suj^erintendent of 
Documents, Washington, D.C.). The Handbook contains detailed 
instructions for the protection of buildings of various kinds and an 
excellent account of the origin, characteristics and effects of light- 
ning. There has also been issued a fifth edition of the pamphlet 
dealing with Magnetic Testing (Circular C 415, price 10 c.) which 
“ gives general information regarding magnetic quantities, the 
magnetic characteristics of materials, the principles employed in 
magnetic testing apparatus, and a brief discussion of the theory and 
application of magnetic analysis,’* all in thirty -three images with 
a thirty-fourth devoted to the essential references. 

The National Research Council, Washington, has issued a third 
edition of the Handbook of Scientific and Technical Societies of the 
United States and Canada. This is intended as a guide to those 
scientific and technical societies, associations and institutions of the 
United States and Canada which contribute to knowledge or which 
further research through their activities, publications or funds. 
Each entry contains the name and address of the Society, and brief 
information as to its object, membership, meetings, publications, 
etc. For information about societies not appearing in the Handbook 
users are referred to an Appeiuiix, which contains short notices of 
lists of societies obtainable from other organisations. The price 
of the book is $3.00 in paj)er, $3.50 in cloth. 

We are asked to announce that the Head Office and Showrooms 
of the Cambridge Instrument Company have been removed to 13, 
Grosvenor Place, London, S.W.l. 
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PHILOSOPHY AND SCIENCE. By Sir Arthur Eddington, 

F.R.S., Plumian Professor of Astronomy in the University of Cambridge. 
Being a Review of Through Science to Philoeophyi by Herbebt 
Dingle. (Pp. viii -f 363. with 18 figures.] (Oxford : at tho Clarendon 
Press ; London : Humphrey Milford, 1937. 15^. net.) 

It is recorded that Archbishop Davidson, in conversation with 
Einstein, asked him what eiFect he thought the theory of relativity 
would have on religion. Einstein answered, “ None. Relativity is 
a purely scientific theory and has nothing to do with religion.” 
His hasty evasion is not surprising ; in those days one had to 
become expert in dodging persons who were persuaded that the 
fourth dimension was the door to spiritualism. But the answer, 
which has often been quoted and applauded, can scarcely rank 
among his more perspicacious utterances. The compartments into 
which human thought and experience are divided arc not so water- 
tight that fundamental progress in one is a matter of indifference 
to others. For example, natural selection is a purely scientifio 
theory. If in tho early days of Darwinism the then archbishop had 
asked what effect it was likely to have on religion, ought the answer 
to have been, “ None. Evolution by natural selection is a purely 
scientific theory and has nothing to do with religion ” ? 

The great change in theoretical physics, which began in the 
early years of the present century and is still in progress, is a purely 
scientific development ; but it must affect the general current of 
human thought, as at earlier times the Copemioan and Newtonian 
systems have done. With one branch of general philosophy, namely 
epistemology, the connection is particularly intimate. Episte- 
mology is concerned with the nature of knowledge ; and the nature 
of that part of om: knowledge which takes the form of a description 
of a physical universe has at all times been a theme of contention 
between rival philosophers. I do not think that any school of 
philosophy is prepared to wash its hands of the physical universe 
— as a ‘‘ purely scientific ” matter — and leave the physicists to 
make what they like of it. On the other hand, physicists can 
scarcely be denied a hearing on a subject which concerns them so 
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intimately ; and I do not think their intrusion into philosophy 
through this approach is a matter for surprise or caustic comment. 

Professor Dingle is one of many who have attempted to elucidate 
this meeting-point of physios and philosophy. “ Through Science 
to Philosophy ** is a happy title ; but, of all the recent books on 
the subject, I should be inclined to single out Dingle’s as the one 
to which it is least apt. From the beginning the outlook is that 
of critical piidosophy ; and the reader must face some 200 pages 
of discussion of such subjects as Consciousness, Experience, Truth, 
Words, Reason, etc., before he is deemed sufficiently inoculated 
against modern heresy to be allowed contact with current scientific 
ideas. Thus the order of thought seems rather to be ‘‘ through 
Philosophy to a right comprehension of Science.” I think that 
this treatment misses one of the most significant features of the 
present drawing together of philosophy and science ; theoretical 
physicists, through the inescapable demands of their own subject, 
have been forced to become epistemologists in the same way that 
pure mathematicians have been forced to become logicians. Most 
amazingly it has been found that the study of the nature of scientific 
knowledge is not an idle luxury, and that it is actually an aid in 
the search for knowledge to know the nature of that for which we 
seek. It is this compulsory abandonment of the naive realism of 
the older scientific outlook which has appealed to most modem 
writers ; but Dingle scarcely recognises the existence of a route 
by which the scientific study of the universe has, through its own 
practical development, independently reached conclusions com- 
parable with those of philosophy. 

Dingle rather goes out of his way to give the impression that 
his hand is against every man. Doubtless some of his contentions 
will arouse opposition ; but his insistent magnification of imper- 
ceptible differences seems to me exaggerated. At the outset he 
assumes the role of protector of the plain reader bewildered by the 
paradoxical utterances of scientific experts. On pp. 19-20 we are 
given an ‘‘ extraordinary miscellany of absurdities ” collected from 
Dirac, Eddington, Planck, Bohr and Jeans. Here are two samples 
from Dingle himself, which seem not unworthy to be added to the 
collection : 

I should not say “ I know that the sun is 93 million miles away ** (p, 178) 

He [Bertrand Eussell] has missed the essential point that physios is not 
oonoemed at all with planets (p. 93). 

Has it not occurred to Professor Dingle that some of the statements 
which he pillories may be less perplexing and perturbing to the 
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ordinary man than an assurance from a professor of astrophysics 
(who ex officio is “ not concerned at all with ” stars) that the astron- 
omically measured distance of the sun is not scientific knowledge ? 

The present reviewer naturally turned with special interest to 
p. 344, where Dingle states what he takes to be the root of his dissent 
from the philosophy of Eddington. The passage which he quotes 
from my writings is as follows : 

The only subject presented to me for study is the content of my conscious- 
ness. You are able to communicate to me part of the content of your 
consciousness which thereby becomes accessible in my own. For reasons 
which are generally a<imitted, though I should not like to have to prove that 
tlioy are conclusive, T grant your consciousness equal status with my own ; 
and I use this second-hand part of my consciousness to put myself in your 
place. 

Dingle’s criticism is : 

It seems to me that the inconsistency of this passage vit iates the greater 
part of Eddington’s j)hilo8ophy. It is clear that there is an inconsistency 
because the other person’s consciousness is said to be partly in his own and 
yot to have equal status with it. 

It will be noticed that my statement that part of the content 
of your consciousness becomes accessible in my own is replaced 
in Dingle’s argument by “ your consciousness is partly in mine.” 
It seems to me that Dingle has himself created the inconsistency 
by this substitution. If not, it is natural to enquire which of my 
three sentences he rejects. Not the first, for he admits (p. 346) 
that it is a truism. The last ? I can scarcely believe that Dingle 
is trying to argue that his consciousness has inferior status to mine. 
There remains the middle one. I cannot see what he means by 
denying that by speech and writing we can communicate our 
thoughts, so that the “ subject for study ” originally presented in 
one consciousness becomes accessible (presented at second-hand) 
in another. 

Having drawn blank here, I bad almost despaired of discovering 
in the maze of argument the fundamental dijfierence which has led 
Dingle to views contrary, not only to my own, but to those of 
most other scientific writers. But at last> on p. 297, a clear-out 
scientiBc issue presents itself. Comparatively early in the develop- 
ment of quantum theory, Niels Bohr put forward his correspondence 
principle which defined the relation between field theory and 
quantum theory : the claasical field laws are the Umit towards which 
the microscopic laws tend when the nwmbef of quanta becomes very 
great. I cannot recall that this principle has ever before been chal- 
lenged ; it became incorporated at once as one of the guiding 
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principles in the development of quantum theory ; and in the 
theory of radiation especially it early justified itself by fruitful 
results. Astrophysics owes an enormous debt to it. Wave 
mechanics has accepted it as fundamental. If any principle can be 
regarded as a pronouncement of modern physics (not merely of 
“ certain physicists ”) the correspondence principle can. This 
principle Dingle rejects. 

We may leave aside the question whether ho is justified in reject- 
ing it. The point is that this cleavage amply accounts for his differ- 
ences from other writers on scientific philosophy — for his escape 
from what seem to be the inevitable consequences of the modem 
scientific outlook. Primarily he introduces it in connection with 
his defence of determinism. He need scarcely have troubled to add 
more. In the general retreat of modem physics from determinism, 
Dingle remains behind because he refuses to follow it in recognising 
that the classical field laws are not separate rules of causality, but 
are absorbed into the system of microscopic physics. Dingle him- 
self seems to recognise that this rejection of the unity of macro- 
scopic and microscopic physics is cmcial for his philosophy (in so 
far as it differs from that of other scientists). Conversely, I think 
his opponents would agree that if scientific evidence for a duality 
were forthcoming, it would involve wholesale reconstruction of their 
present ideas. 

If it appeared that Dingle had examined the correspondence 
principle from the scientific standpoint, and after exhaustive study 
had arrived at the judgment that it could not Ije accepted, we should 
not question his right to stand out against authority. Not even 
the correspondence principle is to be held dogmatic.aliy. The 
question of dogma indeed scarcely arises ; for it is the essence of a 
scientifically grounded philosophy that it has the same force as our 
scientific beliefs (no more and no less). But I can see no indication 
that that is the way in which Dingle’s doubts have arisen. He has 
found that one of the principal hypotheses that are guiding the 
present developments of physics is in conflict with the philosophy 
set forth in his earlier chapters. Therefore it must be rejected. 
This is not the kind of argument which appeals much to a scientist, 
though it is not to be condemned out of hand. I dare say it is 
not unprecedented for a philosopher to be right. Only I should 
have felt better satisfied if he had called his book “ Through 
Philosophy to Science.” 
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Electricity and Magnetism : An Introduction to the Mathematical 
Theory. By A. S. Ramsey, M.A. [Pp. x -f- 267, with 160 figures.] 
(Cambridge : at the Univemty Press, 1037. lOtf. 6d.) 

The author has added to the list of his well-known volumes on Statics, 
Dynamics, and Hydrostatics, this text-book on the mathematical theory 
of electricity and magnetism, which covers the schedule for Part I of the 
Tripos. It includes the fundamental principles of electrostatics. Gauss* 
theorem, Laplace’s equation, systems of conductors, homogeneous dielectrics 
and the theory of images ; steady currents in wires ; the elementary theory 
of the magnetic field and the elementary facts about the magnetic fields 
of steady currents. There are also short chapters on induced magnetism 
and induction of currents. 

Very little mathematical knowledge, other than some elementary 
calculus and a few properties of vectors is assumed, and the book is well and 
clearly written from the mathematical point of view, following to some 
extent Joan’s Electricity and Magnetism. From the physical point of view 
it is not so satisfactory : for instance, the capacity of a conductor is defined 
to be “ the charge necessary to raise it to unit potential when it is alone in 
the field, or when all other conductors are at zero potential. It follows that 
the capacity of a sphere is equal to its radius . . (p. 49). These two defini- 

tions will not give the same value and the capacity of a sphere is not, of 
course, equal to its radius when surrounded by earthed conductors. 

Again, in disctiasing Maxwell’s diaplacemerU theory the author says that 
** it is open to the objection that there is no experimental evidence that 
in dielectrics there is an actual displacement of electricity of the kind 
described. According to modem views it is preferable to define the vector D 
solely in terms of the conditions which it has to satisfy . . (p. 102). It 

is curious that Mr. Ramsay should have overlooked the beautiful experiments 
of Eichenwald (Ann. Phys., 11, 421, 1908) which demonstrated the magnetic 
field produced by displacement ciurents. 

The author, like Jeans, has fallen into the error of providing a mathe- 
matical proof of the superposition of electric fields (p. 74). This depends, 
and must always depend, upon experiment, and it is of interest to examine 
at what point it is assumed, for in a mathematical proof it must enter 
as an assumption. 

There are a large number of carefully selected questions to which answers 
have been provided, and the book should prove of great use both to students 
and teachers. The fact that the illustrations are not niimbered and there is 
no general index are minor defects in an otherwise well -produced text-book. 

a. B. B. 
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Eleotricity and Magnetism for Degree Students. By S. Q. Starling, 
B.Sc., A.R.C.So., F.Inat.P. Sixth edition. [Pp. viii -i- 030, with 
449 figures.] (London, New York, Toronto : Longmans, Green & Co., 
1937. 128, Qd, net.) 

In issuing the sixth edition of this well-known text-book the opportunity 
has been taken of increasing the sizes of page and type. As a consequence 
the volume makes a much more pleasing appeal to the eye and the lay-out 
is much improved. No attempt has been made to produce a new book. 
The section on ships* magnetism has been removed to furnish space for brief 
occoimts of cosmic rays, the neutron, positron and induced radioactivity. 
There is no doubt that the book in its new dress will play as important a part 
in the dissemination of systematic knowledge as did the earlier editions. 

^ S. Marsh. 

Die Atomkeme : Gnmdlagen und Anwendungen ihrer Theorie. 

By Dr. C. F. von Wkizsacker. [Pp. viii -f 214, with 40 figures.] 
(Leipzig : Akademische Verlagsgosollschaft m.b.H., 1937. RM. 16-, 
bound ; RM. 14.40, paper covers.) 

The appearance of a number of books in thei course of the last year or two on 
the subject of nuclear theory is a sign of the great interest in the subject 
and of the increase in knowledge about it. Experiments designed to throw 
light on the problems concenung the atomic nucleus are being pursued 
in all countries whore research in physics is regarded as important and, to 
judge from the scientific publications of some of these, research is almost 
exclusively in this branch. Work on the theoretical aspect of the problems 
is being carried out with no less energy. 

The writer of the book now under review is on authority on his subject, 
and he lias attempted to produce a work which will be of use to both experi- 
mental and theoretical workers. In the important sections the basic traits 
of the phenomenon under discussion are presented first qualitatively and 
without mathematical aids, and then the quantitative treatment follows. 
This is on attractive and useful feature of the work. The experimental 
parts of it are self-contained while a theoretical worker has the physical 
aspects kept closely before him. 

The volume is compact, consisting of foxir chapters, a very short appendix 
and some tables. 

It begins with a brief outline of the history of the theory of the nucleus 
and passes on to the experimental results. The second chapter opens with 
a discussion of the binding energies of nuclei which are assumed to be com- 
posed of protons and neutrons and passes in its second part to the theoretical 
considerations, introducing the conceptions of exchange forces between the 
heavy particles and the phenomenon of saturation associated with the 
exchange forces. The third chapter is concerned with the phenomenon 
of alpha ray decay and nuclear reactions brought about by external agents, 
transformations by neutrons, charged particles and by gamma rays. The 
last chapter is devoted to the problem of beta ray decay and brings us to 
the centre of present-day interest. The neutrino hypothesis is first discussed 
and its difficulties pointed out. Then follows an account of the principles 
of the quantum theory of wave fields as a preparation for the theory of 
beta-ray emission developed by Fermi. This very remarkable theory is 
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often presented by writers on this subject, almost in the words of its founder* 
But the author in this case has made an attempt to explain the underlying 
principles of Fermi’s theory in a way which suggests its wider outlook. In 
his section on the calculation of the prol>ability of bota-ray decay he is not 
as clear as could be desired. TIkj n^acier has to examine the statement 
very closely and has much to do on his own accoimt in order to appreciate 
the full implications. Wo would suggest that an enlargement of this chapter 
would add greatly to the usofulnesH of the book to students, many of whom 
are likelv to fail to grasp all that this theory contains. 

H. T. F. 

Atomic Spectra and the Vector Model. By A. C. Candler. Vol. I; 
Series Spectra. Vol. II : Complex Spectra. [Vol. I r pp. 
viii -h 237, with 4 plates and 142 figures ; Vol. II : pp. vi -h 273, 
with 4 plates and 212 figures.] (Cambridge : at the University 
Press, 1937. 15«. not ecich.) 

The aim of this book is to present a comprehensive account of present know- 
ledge of the structure of line spectra, expressed in terms of the vector model 
of the atom. The book includes accounts of the various types of spectra 
considered primarily in relation to the periodic table, and deals also with 
such related topics as the Zeeman and Stark effects, hj’porfine structure of 
spectrum lines, quadripole radiation, and the fluorescence of crystals. It 
is freely illustrated with diagrams and plates, and contains many valuable 
tables of data. There is a short bibliography at the end of each chapter, 
and further references are given in appendices. 

The subject's discussed are among those best provided for in current 
literature, and a new book needs considerable merit to justify its existence. 
It is perhaps the highest praise one could ewjcord to such a treatise to say 
that the working spoctroscopist will still find it useful, and this may without 
hesitation be said of Mr. Candler’s book ; indeed, if the word “ indispensable ’’ 
were over justifiable, one would be tempted to apply it hero. In coraprehen- 
siveness and completeness in the provision of useful data, the book would 
appear to bo unsurpassed, and the diagrams, most of which are original, 
are admirably designed and executed and well serve their purpose of avoiding 
tedious verbal description. The subject-matter is brought well up to date, 
and the care which the author has taken to secure strict accuracy, even in 
matters of secondary importance, may be indicated by a footnote : “ Laporte, 
Nw, 1924, 12, 698, attributes this work to Paschen andLand4,but the reference 
given is inaccurate and the paper does not appear under either name in 
Science Abstracts, 1922^“24.” Improvements might have been made in a 
few minor points : thus, economy of explanation, usually a merit in the book, 
has occasionally been carried too for, as in the abrupt introduction to 
“ quadripole radiation ” ; the spectra reproduced look unfamiliar with the 
greater wave-lengtlis on the left ; and tables are inappropriately designated 
“ figures.” But such points are trivial compared with the outstanding 
good qualities of the book. It represents in condensed form the result eff 
a vast amount of conscientious labour, and will be of the greatest help to all 
concerned with the analysis of spectra. The printing and general format 
of the volumes are excellent. 


H. D. 
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Molecular Beame. By H. G* J. Fuasbb, Ph.D. Methuen’s Monographs 
on Physical Subjects. [Pp. ix -f 70, with frontispiexse and 22 figures.] 
(London ; Methuen & Co., Ltd., 1937. 28 , 6d. net.) 

This short monograph is concerned with unidirectional, collision -free beams, 
consisting of neutral molecules (or atoms) moving with thermal velocities. 
After describing various methods of production and detection, the author 
gives an account of the reflection, scattering an<l difFrcujtion of the beams. 
Tlie remainder of the book deals with the deviations produced when a molecular 
beam is passed through inhomogeneous magnetic or electric fields. 

Pioneer exj^eriments using such beams were carried out by Dunoyer in 
1911 and by Stern and Gerloch between 1920 and 1922; and since then 
continual progrt^s 1ms been mode. The author does not attempt to refer 
to all the experiments, but ho describes the more important work in some 
detail. The book gives a good summary of the present state of the subject, 
with descriptions of the experimental methods, interpretation of the results, 
and many references to original publications. 

The deflection in inhomogeneous fields has given much valuable informa- 
tion about atomic and nuclear magnetic moments, dipole moments and 
atomic polarisabilitios ; but some of the work is very recent and its interpreta- 
tion may be modified in the course of time. It should bo mentioned that, 
in order to understand the subjects discussed in this monograpli fully, it 
would be necessary to have or to acquire a considerable knowledge of modern 
quantum theory. 

W. N. Bond. 

Alternating Current Measurements. By David Owen. B.A., D.Sc., 
F.Inst.P. Methuen’s Monographs on Physical Subjects. (Pp. vi -4-120, 
with 80 figures.] (London : Methuen & Co., Ltd., 1937. 3-?. 6d. net.) 

It is a ploasvux? to find this book on practical methods of measurement 
included in the useful Monograplis on Physios, especially as it deals with a 
subject now so important and yet so inadequately treated in the traditional 
Physics course. The book before us will be particularly valuable to those 
teachers and others who wish to set up A. C. bridges and wavemeters in the 
laboratory, because Dr. Owen has drawn upon his wide experience and 
inoluded numerical examples of actual measurements as guides to choice of 
standards and the accuracy to be expected. 

The first chapter is a brief but very clear summary of the A.C. theory 
necessary for the understanding of the rest. Low-frequency bridge methods 
occupy about two-thirds of the book, the remainder being devoted to 
measurements at radio frequencies. There are chapters on self-inductance, 
mutual inductance, capacitance, conditions of accuracy in bridge work, 
and measurements at supply frequencies, including the A.C. potentiometer. 
The radio frequency measurements include capacitance, inductance, resistance, 
and frequency, but not curront or voltage, which is a pity. A more 
extended treatment of the valve voltmeter would have been welcome. 
The diagrams are many but rather reminiscent of blackboard sketches. 

There are in existence several large volumes on particular aspects of A.C. 
meastu'ements^ but not one so concise and immediately useful to a non- 
specialist as Dr. Owen’s book, which should find its way into every electrical 
laboratory. 


F. A. Vick. 
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NoiS0. By A. H. Davis, D.So, Changing World Library, No. 6. pE^. 
X 4* 148, with 20 figures, including 4 plates.] (London ; C. A. Watts 
& Co., Ltd., 1937. 28 . 6d. net.) 

We live in a world of greatly increased production of noise, and the demand 
for cheap buildings unfortunately results in structures loss able to isolate 
the noise produced. On both counts noise, its effects and its possible 
reduction and exclusion are in the news, and Dr. Davis’s book gives an 
excellent short exposition of the whole matter, ranging from human reactions 
to noise to its measurement, suppression, exclusion and control. 

Most people have a vague idea that efficiency and health are affected 
by noise and this in itself will modify the effect in their own cases. It is 
thus important that the experimentally ascertained facts as to adaptation 
and recovery as here summarised should bo known. But even if the 
ordinary man’s view of the detriment of noise is exaggerated still that is no 
reason, as Dr. Davis points out, for failing to reduce unnecessary noise. 

Tlmt part of the book dealing with the measurement of noise is particu- 
larly acceptable. It is useful to know that instruments are available which 
will give information of a quantitative character. But the design of 
measuring instruments is at a comparatively early stage. Some of them, 
as is pointed out, are not reliable even for what is claimed of them. Non© 
will answer all the noise questions to which answers are sought. Those 
who read the text carefully will not be under any misapprehension as to the 
limitations of the instruments described, but the casual reader may get the 
erroneous impression that the problem of noise measurement is now virtually 
completely solved. 

Legal aspects of the control of noise are dealt with in the last chapter. 
A short bibliography of books more or less suitable for the general reader 
and a good index add to the usefulness of the book. 

G. A. S. 

Fluid Mechanics. By Russell A. Dodge and Milton J. Thompson. 
[Pp. xii -f 495, with 207 figures.] (New York and London : McGraw- 
Hill Publishing Co., Ltd., 1937. 24«. net.) 

Should fiuid engineering now be represented in a single undergraduate 
subject or Hydraulics, Aerodynamics, and its other branches be developed 
separately ? Professors Dodge and Thompson seem to favour the former 
view. Their book opens with four chapters mostly on hydrostatics. Eight 
chapters follow on fiow through pipes, orifices, nozzles, etc., and post 
immersed end floating bodies. The book closes with four chapters on 
compressible fiow, applications of thermodynamics, dynamical similarity, 
viscometry, lubrication, etc. Matters touched upon include, besides familiar 
hydraulic examples, aircraft and ships, tunnels and tanks, cavitation and 
corrosion, propellers, projectiles and lagged pipes. The authors’ suggestion, 
“ . . . that the instructor can select those subjects which best fit the needs 
and interests of his students,” is imexpected, appearing to detract from the 
utility of the book, which lies in the collective view given of diverse fluid 
motion affairs. As would be expected, various sections are too incomplete 
for separate study. Probably no book of reasonable size could cover so wide 
a field with the thoroughness necessary to the undergraduate. The present 
interesting experiment might have b^n improved by rearrangement and 
more equable treatment. Early introduction of vorticity and physical 
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knowledge of the boundary layer would have removed many difficulties ; 
again, various simple irrotational flow formuhe might well have been proved. 
Nevertheless, the book deals with many interesting matters and is excel- 
lently produced and illustrated. 

N. A. V. P. 

Storage Reservoirs. By George Bbansby Williams, M.Inst.C.E. 
fPp. ix 4- 293, with 168 figures, including 24 plates.] (London : 
Chapman & Hall, Ltd., 1937. 25s, not.) 

In writing Storage Reservoirs Mr. G. Bransby WilUams has met a well-felt 
need. Typos and the technique of construction have altered so rapidly of 
recent years that most British works of reference are out of date. Recourse 
had to be had to American sources of information and while much could 
be loamt in this way the preponderance of American literature on the 
subject is perhaps the gr(^ato8t raison d'itre for a British treatise. In giving 
prominence to n^oent British and Indian practice the book forms a useful 
complement to existing works. 

Many engiiuH'ring books are imreadable. This con be read and enjoyed. 
The historical a|)jiroach to a subjtKJt wherever possible adds greatly to the 
interest. A world -wide outlook is maintained in each section. Finally, 
the personal touch is not missing. 

A large mass of useful information is given conoerning rainfall and flood 
flows in various parts of the globe. The design of gravity, multiple-arch and 
reinforced concrete dams is adequately dealt with, and the author discourses 
clearly on the complications attendant on arch dams and earth dams. 
Guidance on the design of arch dams is badly needed and one wishes that 
he had not allowed his discretion to prevent him giving typical sound designs 
for standard oases such as U-, V-, and Ll-Bhape<l vall(>yB and discussing the 
effect of modifying the aspect ratio, undett?rred by the present controversial 
state of the subject. Some idea of the limitations of an arch design is often 
necessary in the preliminary consideration of typo of dam. 

Some such guidance is given in respect of other typos in a graph showing 
variation of costs with height. Of these the masonry gravity dam is shown 
as being by far the most expensive for all heights. If mass-concrete dams 
are included under “ masonry ” dams the writer feels that this cannot apply 
generally. The smaller the height of a deun the greater the relative impor- 
tance of those elements of the cost which vary linearly with the dimensions, 
such as shuttering and fixing of reinforcement. Since those are greater in 
the multiple arch and Ambursen types it follows that there must always be 
some height below wliich the mass-concrete gravity dam is less expensive. 

In spite of its antiquity there is perhaps no structure conoerning which 
knowledge is less exact than the earth embankment dam. The author, 
perhaps wisely, refrains from correlating specifically the safe slope of a dam 
and the properties of the material. It is not clear why the permissible seepage 
should be specified in terms of velocity as it would appear to depend rather 
upon the more easily determined upward pressure gradient at the downstream 
toe. 

While the lack of elasticity to deal with excessive floods of the siphon 
spillway is rightly emphasised, it does not, in the writer’s opinion, necessarily 
follow that it should be iised merely in a supplementary capacity. With 
the high intensity of discharge attainable it may well be that in some cir- 
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cumutanoes a siphon spillway of sufficient capacity to cope with “ catastro- 
phic ” floods would be the economic solution. 

Minor features of dams such as fish passes are omitted, probably inten- 
tionally. A few printer's errors, particularly in references and formul®, 
appear to have escaped attention. 

Tlie book is a contribution to onginc^ering literature which will be widely 
welcomed. 

A. H. NArLOB. 


Refrigeration Engineering. By H. J. Macinthie. fPp. vi + 416, with 
136 figures, including 7 folding plates,] (New York : John Wiley 
& Sons, Inc. ; London : Chapman & Hall, Ltd., 1937. 22^, 6d. net.) 

The applications of refrigeration to industry, and in particular to comfort 
cooling and air conditioning, are of quite recent development, and writers 
of technical literature have not devoted as much attention to refrigeration 
as to some of the other bronchos of engineering. A further reason for this 
neglect may be the comparatively small size of the individual units. 

In this book Professor Macintire writes primarily for students who have 
alrcjady taken a course in thormo<Iynamics, and accordingly the dt'seription 
of the standard cycles is reduced to a minimum, although many modem 
developments, such as “ dual compression ” have boon included. The 
third chapter deals with r(€rigerants from the points of view of suitability, 
effect on design, inflammability, etc. Their properties, including those used 
chiefly in household installations, such as “ Frt^on,” are also quoted, and 
charts are given of the thennal properties, with pressure plotted against heat. 
British readers are more accustomed to charts giving heat against, entropy, 
but those in the text are equally suitable for the solution of the standard 
cycles. 

The author has based all his heat transfer calculations on the most recent 
researches, and avoided as far os possible the more or less empirical formul«B 
hitherto used for the design of evaporators and condensers. Chapters ore 
given on heat leakage into buildings, practical condenser design, including 
the cooling of the water supply to the condensers, and pipe work. Adsorp- 
tion and absorption machines are fully treated in Chapter VIII, which 
includes a chart to aid the calculation of the amount of ammonia in various 
aqueous solutions. The question of the partial pressures in the Electrolux 
system is analysed in detail. Mechanical details, erection, etc., occupy 
Chapters IX to XI, while the remaining sections are given to the applications 
of various forms of cooling equipment. Air conditioning and the manufac- 
ture of dry ice are amongst these, the fonner in considerable detail, so that 
the book may be roconunendod with confidence not only to the senior student, 
but also to the practising engineer. 

S. S. W* 


Elasticity, Plasticity and Structure of Matter. By R. Hoitwikk. 
[Pp. xviii -h 376, with 214 figures, including 7 plates.] (Cambridge t 
at the University Press, 1937. 21#. net.) 

Optimistic ets the title of this book may seem, it requires very little quali- 
fioation to make it an ekccurate description of the scope of the text, in which 
Dr. Houwink of the Plastics Department, N. V. Philips Gloeilampenfabrieken^ 
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Eindhoven, has brought together a large collection of experimental data on 
the mechanical properties (chiefly elasticity and plasticity) relating to a 
comprehensive list of technically important materials, such as glass, resins, 
asphalt, nibber, cellulose derivatives, proteins, baker’s dough, paints and 
lacquers, clay and sulphur, with the addition of a chai>tor by Dr. W. G. 
Burgers on crystalline substances, which includes a short outline of modem 
theories of the plasticity of metal crystals. 

The book is, however, far more than a mere inventory of published work ; 
it is a comparative survey, in tho light of Dr. Houwink’s own extensive and 
important work on resins, of tho whole field indicated above. 

The book should be of value to two groups of workei’s ; those trying to 
choose the most suitable material for a given piurposo, and those engaged in 
research on the mechanical properties of any one of the materials considered. 
By showing the investigator what has been done, perhaps from quite a 
different point of view, on an analogous problem with a different material. 
Dr. Houwink’s book should stimulate research along tlie most useful linos 
and will help to counteract tho present tendency of research workers to 
overspecialisation, by broadening their knowledge of related but hitherto 
quite separate problems. 

Dr. Houwink has written a new kind of book, and he luos done it well ; 
his tretitment is logical and straightforward, and diagrams clear. The 
translation (from the Dutch, in which tho book was written) is satisfactory. 

B. C. 


CHEMISTRY 

Chemistry, Matter and Life. By Stephen Miall, LL.D., B.Sc., and 
L. M. Miall, B.A. [Pj). xii + 29fi, with 8 platens.] (London: Edward 
Arnold & Co., 1937. 7«. 6d. net.) 

Nature is the great chemist ; man as chemist is t he interpreter of Nature, 
but who shall interpret the chemist to mankind in general ? It is no easy 
thing to relate the simple facets of chemistry to tho intricate pattern and 
occupation of daily life. To-day chemistry is all-pervading ; no industrial 
operation is free from some chemical influence. Sometimes the methods 
used are akin to the natural prot/Otype, but often they go far l>eyond, for 
man’s ways are not altogether Nature’s ways. To-day a variety of circxim- 
stances brings every thinking naan into contact with scientific matters and 
lie is almost made to reflect upon them ; the wise ones want to know more. 
In these days Governments are necessarily conconicd with problems of nutri- 
tion, plant and animal breeding, and there con bo few housewives in this 
country who have not become vitamin-conscious, if only tlirough tho agency 
of the daily press wid its advertisement fiages. In like mamier the public 
has become aware that it is mainly chemistry (and perhajis olectricify) 
to which are due the luxuries or extra comforts of modem life as well as the 
satisfaction of the elementary needs of mankind in food, clothing and 
shelter. The public are also conscious that chemistry, or perhaps the lack 
of it, is in large measure responsible for the devastation of the countryside 
in the older industrial districts, the pollution of streams and the horrors of 
poison gas and the other ravages of war. 

To inscribe and to explain the background of all these things, the manner 
in which they have come about, to show how matter is built up from nature’s 
brioka— *atoms, molecules, crystals — and to unfold the secrets of plant and 
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animal life processes is a worthy task for a worthy pen. Dr. Miall and bis 
son have done all this in language, as stated in the Preface, that any educated 
person can understand, although some of the later chapters of necessity 
require rather close attention on the part of the reader, a fact which is also 
noted in the Preface. One notable feature of the book is that it has been 
written without appeal to the sensational, for there is no synthetic miracle 
in every chapter and no crescendo of the kind so often associated with the 
presentation of popular science. 

This book in quite a small space offers a surprising wealth of information 
covering much of present-day chemistry, including a satisfying account of 
modem views on the constitution of matter and the transfomiation of radio- 
active stibstanct^s and the similar transmutations which can now be brought 
about artificially. In the later chapters the authors deal with the chemistry 
of living things, the chemicals needed for the growth of plants and animals, 
how they are produced and their relationship on© to another. 

It would appear that Dr. Miall had visualised as readers of this book the 
informed non-tochnical public desirous of knowing something of what the 
science of chemistry means ; indeed, the book can bo recommended to them. 
There is more in the book than that, however — it has a message for a wider 
circle. Chemistry has its theorists ; they should see what the world makes 
of their science. Chemistry also has its practising realists — those who utilise 
chemistry as an industrial component. For them here is sometliing that is 
not a college text-book, but a very easy way of going back to school for a 
short spell. The serious puri) 08 e of the book will appeal to the enthusiasms 
latent in most “ older *’ students, and few such men engaged in chemical 
industry could fail to profit by reading it. 

L. A. J. 


Thorpe's Dictionary of Applied Chemistry. Vol. I. By Jooblyn 
Field Thorpe, C.B.E., D.Sc., F.R.S., F.I.O., and M. A. Whitblbit, 
O.B.E., D.Sc., F.I.C., assisted by eminent contributors. Fourth 
edition. [Pp. xxviii -f- 703, with illustrations.] (London : Long- 
nians. Green & Co., 1937. 63^. net.) 

Ten years have passed since the last volume of the last edition of Thorpe^s 
Dictionary was published and in these days of rapid advances in ohemioal 
technology so long a period means very considerable changes. The third 
edition was brought up to date merely by additions and new articles so, in 
essence, it dated from a still earlier period. The new edition, of which the 
first of nine projected volumes now appears, is to be entirely rewritten. 
The volumes are promised at the rate of one a year and an attempt is to be 
made to keep the whole work as far as possible up to date by introducing 
new matter in subsequent volumes on subjects dealt with in general articles 
in earlier volumes. As in previous editions the editors have enjoyed the 
services of experts in various branches of chemistry, and among a distinguished 
list one might mention E. F. Armstrong, G. Barger, A. B. Dunstan, E. V. 
Evans, C. Ainsworth Mitchelh G. T. Morgan, E. J. Parry, A. G. Perkin# 
F. L. Pyman, L. J. Spencer and F. G. H. Tate. The eminence of the 
numerous specialists and the reputation of the editors is a sufficient guarantee 
of the authority of the material, and although the work is called a dictionary 
it is so by virtue of its alphabetical arrangement, rather than by its treatment 
of the subjects, for the articles are enjoycd>le to read despite their conciseness. 
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Thorpe^'§ Dictionary is so well known that it is unnecessary to indicate 
its usefulness to the industrial chemist, but there is one class, namely, teachers 
of chemistry, who could well make more use of it than they do. Industrial 
methods ch^unge with great rapidity these days and the ordinary text-books 
are soon out of date ; indeed, some describe methods of manufacture long 
obsolete when the book is first published. The young chemist is consequently 
often rather aghast to find on starting industrial work that the processes they 
learnt at school and college are no longer in use. Catalytic methods are 
becoming more and more common, the oxidation of naphthalene by atmo- 
spheric oxygen to phthalic ernhydride has replaced the sulphuric acid and 
mercury method and benzoic acid is now prepared by the decarboxylation 
of phthalic acid. In the Unite<l States aniline is made in large quantities 
by the action of ammonia on chlorobenzene under pressure, using cuprous 
chloride as a catalyst. From the articles acetylene, acetaldehyde, acetone 
alcohol one learns tliat acetylene is being increasingly employed for syntheses 
and is becoming the chief source of acetic acid, acetone and n-butyl alcohol, 
and may ultimately displace saccharides for the manufacture of alcohol, 
as some three or four million gallons of alcohol a year are now being produced 
from this source. In addition, acetylene is largely used in the preparation 
of vinyl esters for the plastic industry and of chloropreno, the intermediate 
for neoprene, the most successful of the synthetic rubbers. 

In addition to this use of the book, one might venture to suggest that 
students of chemistry might dip into it as a corrective to the ultra-theoretical 
treatment of the subject now common in the Universities, os it will supply 
in a palatable form much valuable information on an aspect of chemistry 
now much neglected despite its important in the application of the science 
to modem life. 

Turning to detail, the number of printing errors in the articles read by 
the reviewer is exceptionally small. There is some overlap between the 
artiolos on alizeuin and allied dyestuffs and on anthraquinone dyestuffs. 
In the article on alcohol more attention might have been given to the 
laboratory preparation of absolute alcohol and in the article on azides only 
one method of preparation of sodium azide is given, and the statement on 
the behaviour of this compound on heating is not in accordance with the 
writer’s experience ; a cross-reference to the article on azoimide would 
have been useful, as there methods of preparation of azides are given in more 
detail. The printing, paper and binding are excellent and the editors are 
to be congratulated on the eminently successful conclusion of the first stage 
of their long journey, 

O. L. B. 


Gwmn and Matala. By C. J. Smithiclls, M.C., D.So. [Pp. vii + 
216, with 145 figum, mcluding 4 plates.] (London : Chapman & 
HaU, Ltd., 1937. 18s. net.) 

Tbs literature dealing with the intereMstion of gases with metals has become 
so voluminous that many an author in attempting to write on the subject 
might easily be led to the compilation of an unreadable catalogue. Dr. 
Smithells has resisted this temptation to the utmost and has produced a 
volume which is at once readable and fxzll of relevant information. 

The book is divided into three parts t the first dealing with adsorption, 
the second with diffusion and tlie third with solution. In the first cluster, 

3b 
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the theories of adsorption are discussed as impartially as is at present possible. 
Brief discussions are included on such related topics as surface migration* 
available surface, “ getters,** while experimental methods are described 
clearly and concisely. The second chapter is the first complete account, 
as far as the reviewer is aware, of the present position of our knowledge about 
the diffusion of gases through metals. The early data are brought together 
in a convenient form and Dr. Smithells* own experiments, recently published 
as a series of papers in the Proceedings of the Royal Society, are given 
their due prominence. Probably the most useful chapter is the third. Data 
on the solubility of gases in metals is so widely scattered that its compilation 
and discussion wiD do much to bring this aspect of the subject into closer 
relationship with the matter described in the two preceding chapters. 

For the experimentalist this work contains all that he may require for 
almost any problem — academic or industrial — connected with the behaviour 
of gases in contact with metals. For the theorist hero is a critical compila- 
tion of most of the data at present available for checking his speculations. 

The book is illustrated by a wide selection of well -chosen diagrams. 

H. W. Melville. 

Collisions ol the Second Kind. By E. J. B. Willey, D.Sc., Ph.D., 
M.Sc., M.R.I. [Pp. viii -f 160, with frontispiece and 26 figures.] 
(London : Edward Arnold & Co., 1937. 10s. 6d. net.) 

Much of the development of the theory of collision processes in molecular 
physics and in physical chemistry has boon due to the recognition of the 
t3q)o of collision known as that of the second kind. The concept is of 
fundamental importance for the explanation of a wide variety of phenomena. 
The process occurs in electric discharges through gases, both in the gas and 
at the gas-electrode interface. It is intimately bound up with the behaviour 
of fluorescing substances in the gas and liquid phases. In a more general 
way it is of widespread occurrence in chemistry, forming the basis of the 
mechanism of chain reactions and playing an important r61e in unimoleculor 
gas reactions. 

This monograph is a timely survey of the subject from the physical smd 
chemical viewpoint. It opens with a thorough discussion of the more 
physical aspects of the phenomena, namely, the spectroscopic evidence for 
the rules governing energy transfers between excited molecules and atoms. 
There is a short chapter on ionisation by electron transfer, which is followed 
by an account of the emission of electrons and the desorption of gases firom 
electrodes under bombardment from positive ions and metastable atoms. 
The most exact quantitative information about collisions of the second 
kind is derived from the quenching of fluorescence of optically excited 
metallic vapours. Chapter 6 is exclxisively devoted to this topic and forms 
a useful introduction to the last chapter dealing with chemical phenomena. 
Mercury sensitised reactions are discussed at some length and a few typical 
chain reactions are treated in order to show how their kinetics may be 
accounted for by postulating energy transfers analogous to those of the 
second kind. 

The field covered by the book is therefore very extensive and is purposely 
not exhaustively treated. An excellent bibliography, however, makes it 
easy to go straight to the original literature. 


H. W. Mblvillb. 
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Th« Electroohemiitry of Solutions. By 8. Glasstokis, D.Bc., Ph.D., 
F.I.C. Second edition. [Pp. xii 4-561, with 39 figures.] (London : 
Methuen & Co., Ltd., 1937. 26a. not.) 

Although tho scope of the book remaiiis unchanged, this new edition contains 
about 70 more pages than the first edition which appeared in 1930. This 
increase in size is j)artly tho result of rewriting certain stKJtions in a now and 
more extended form, especially those concerned with the modem theory 
of electrolytic dissociation, with modem views on aeitis and bases, and with 
overvoltage ; and partly the outcome of a thorough general revision of tho 
whole book to conform with developments which have taken place during 
the last few years. Those wlio have used the first edition either as a text- 
book or as a work of reference will have apprcciatc^d the? clear and effective 
manner in whicjh the facts are arranged and prt?se>ntod, and tlic interesting 
and useful way in which rival theories are correlated and their implications 
critically discussed. Those valuable characteristics are fully preserved in 
the new edition, and all tho now matter (witli appro jiriate references to 
tho literatun^) has been liomogencously incoqioratiMl and brought into 
relation with earlit^r facts and theories. In particular, tho author continues 
to show how the development of modem theories affects the quantitative 
treatment of physico-chemical problems whch hav(^ hitherto been dealt 
with on classical linos. A proper discussion of many of tlieso applications 
is difficult to find elsewhere. The printing and general get tip of the book 
— including the stouter binding — are highly satisfactory, and the author 
and the publishers are to bo congratulated on tho production of this new 
edition of a book which in tho course of a few years has become indispensable 
to students of physical chemistry and to research workoi's in wide range of 
specialised fields. H. J. T. E. 

Volumetrio Analysis. By A. J. Mbb, M.A., B.Sc. [Pp. vii 4- 223, with 
13 figures.] (London ; William Hoinernann, Ltd., 1937. 7s. 6d.) 

Whilst primarily intended to moot the needs of candidates preparing for 
H.S.C. and scholarship examinations, this book gives many examples of the 
xise of modem reagents and methods in addition to numerous ai)plioation8 
of the older processes. The descriptive chapters give full practical details 
for about 90 experiments. There follows a list of over 200 practical problems 
most of which do not require more thwi two hours for completion. Though 
no individual would carry out more than a small i)roportion of tho experiments 
it is well that the wide applicability of volumetrio reagents should be realised. 
There is therefore much to bo said for such a breakaway from the traditional 
limits of a school text-book, but the work is unfortunately marred by a 
number of errors. 

Tlie most serious criticism concerns the treatment of certain theoretical 
matters. Tho admitted necessity in an elementary exposition for simplifica- 
tion, even at the expense of truth, does not justify a misleading treatment of 
difficult topics which could better be omitted. Thus in connection with 
the possible use of phenolphthalein for the NajPHOi end point, it is stated 
that “ the addition of sodium chloride greatly increases the sodium ion 
oonoentration, and thus represses the hydroxyl ion concentration.’* This 
is not only wrong, but is quite incompatible with tho postulation of the 
complete ionisation of strong bases in the main discussion of neutralisation. 
In connection with the Mohr end point, the statement that no silver chromate 
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18 preoipitated until all the silver chloride has been thrown down is permissible 
in an elementary treatment, but to add the phrase “ as indicated by the 
law of mass action ’* is the reverse of helpful, since the law implies that 
no species present can ever entirely disappear. 

The attempt to illustrate some of the simpler aspects of the theory of 
neutralisation with the aid of curves is in itself good, but it is most un* 
fortunate that there are so many mistakes in the diagram used (Fig. 5). 
The curve which purports to illustrate the action of N ammonia on N h 3 rdro- 
chloric acid is quite wrong on the alkaline side, and would more properly 
represent a strong base added to N / 20 hydrochloric acid. There is therefore 
no possibility of drawing from it the desired conclusion with regard to the 
correct end point. The curve for weak base + weak acid starts at the value 
of pH 14, which could only be given by a strong base, and finishes at an 
impossibly low pH. With reference to this curve it is stated that “ There 
are no rapid changes in pH of this solution as there is litUe salt formation. 
At the equivalence point, the salt which should have been formed will be 
completely hydrolysed *’ (reviewer’s italics). Actually in the case of JV/IO 
ammonia + AT/IO acetic acid the hydrolysis at the equivalence point is only 
0-66 per cent., and up to the point of 00 per cent, neutralisation it is less 
than 0*03 per cent. The suggestion that the “ little ” salt formed in the 
early part of the titration disappears altogether at the equivalence point 
is misleading in the extreme. 

The inclusion in the list of recommended indicators of two which are 
very expensive, but not essential for the experiments given, suggests that 
the needs of schools have not been sufficiently considered. Some of the 
advice concerning the more common end points is open to criticism. The 
titration of 0*1 N sodium carbonate with acid using methyl yellow should 
not be carried os far as the “ faintly pink ” stage. If carbon dioxide is 
boiled off there is no justification for the use of an indicator with a change 
80 far removed from neutrality as methyl orange, which requires about ten 
drops of acid per 50 c.c. of solution to change it from yellow to red. Methyl 
red would be changed almost completely by one drop. Even litmus would be 
preferable to methyl orange. For the titration of chlorides the use of a com- 
parison fiask containing silver chromate but no silver chloride is unsuitable for 
the 0*1 iV solutions considered. It would be better to add a slight excess of a 
chloride to the mixture obtained in the first titration. Subsequently the 
first noticeable departure from the yellow of the comparison should be taken 
as the end point. In the main the working details of the newer methods are 
adequately described. Diphenylamine sulphonic acid is, however, a far better 
indicator for the iron-dichromate reaction than the older diphenylamine. 

Useful attention is drawn to the fact that the purity of many ohemioals 
of analytical quality is liable to differ appreciably from 100 per cent., but 
the inadequacy of ferrous ammonium sulphate as a primary standard is not 
stressed as it might well have been. It is signifioant that manufacturers 
of repute, who once aimed at marketing a product of 99*9 per cent, purity, 
have now extended the limits to 99*5-100*6 per cent. The proposal to 
standardise titanous salts by accurately weighing out iron alum is unsound 
in view of the usual A.R. purity limits of 99-101 per cent. 

Provided due allowance is made for the shortcomings indicated above, 
schoolmasters who wish to extend their repertoire of volumetric exercises 
would doubtless find this book useful. 


T. B. SMrm. 
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M«tliodi« lor the Detection of Toxic Gases in Industry. Leaflet 
No. 1 : Hydrogen Sulphide. [Pp. iv -f 6, with 1 folding plate 
and including sot of Standard Stains.] (London : H.M. Stationery 
Office, 1937. 3tf. 6d. net.) 

This is the first of a series of pamphlets to be issued by the Department of 
Scientific and Industrial Research describing standard methods for the 
detection of toxic gases in industry. In the Foreword it is explained that 
a Regulation of tlie Chemical Worl«i Regulations, 1922 (made under section 
79 of the Factory and Workshop Act, 1901), prohibits entry into any place 
which might contain dangerous gas by any person not properly protected 
until the air has been tested and fotmd safe to breathe. At the request 
of the Home Office, and with the financial and technical co-operation of 
the Association of British Chemical Manufacturers, the Department arranged 
for a series of tests to bo developed by the Chemical Defence Research 
Department to cover some of the gases which are most commonly met with 
in industry. In most cases, chemical methods involving colour changes 
have been adopted as best suited to the purpose. Each test is being care- 
fully standardised and tested under practical conditions in actual works, 
and has been made as simple and straightforward as possible. The complete 
series of tests will deal with the following gases and vapours : aniline, 
arsine, benzene, carbon bisulphide, carbon monoxide, chlorine, hydrogen 
cyanide, hydrogen sulphide, nitrous fumes, organic halogen compounds, 
phosgene and sulphur dioxide. 

The present leaflet, after reviewing briefly the occurrence, poisonous 
effects, and methods of detection of hydrogen sulphide, gives full instruc- 
tions for carrying out the test under standard conditions. The method 
adopted depends on drawing a known volume of the atmosphere under test 
through a piece of test paper treated with lead acetate, which is fixed by a 
special attachment to a hand pump. Details of this attachment are given 
in a scale drawing. Concentrations of hydrogen sulphide from 1 part in 
150,000 upwards can be gauged by comparing the colour of the stain produced 
on the lead acetate paper with a carefully printed colour chart which accom- 
panies the leaflet. 

The leaflet, which is in a convenient form and the subject matter of 
which is very clear and concise, should bo extremely valuable not only 
from the point of view of the chemical and allied industries, but in any 
oircumstances where this very toxic substance is encountered. After reading 
the short account of the very harmful effects produced as a result of various 
concentrations of hydrogen sulphide in air, one cannot help feeling that those 
who are entrusted with the teaching of practical chemistry in schools and 
colleges would do well to peruse this useful publication with the greatest 
possible care. 

H. W, C. 

Lftlirbucli organisohen Cliemie. By Pattl Kabreb. Fifth edi- 
tion. [Pp. xxiii -f 973, with 6 figures, including 1 plate.] (Leipzig : 
Georg Thieme, 1937, RM. 88.-, bound ; RM. 34.-, paper covers ; 
with 25 per cent, reduction abroad.) 

Thh appearance of a new edition of this work a little more than a year after 
the is evidence of its popularity. This is not surprising since as a text- 
book of descriptive organic chemistry it is excellent though not, perhaps, 
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quite up to date as regards manufacturing processes. On the theoretical 
side the book follows strictly KekuM’s principles and no attempt has been 
made to introduce the modem ideas on valency. The present edition contains 
©ightefm pages more than the fourth, slight alterations occur throughout 
introducing matter published up to the end of 1930, but the main additions 
are naturally in those subjtxjts in which notable advances have been made 
recently, for example in vitamins and hormones. 

O. L. B, 

Food Technology. By Samukl C. Prescott, Sc.D., and Bernard E. 
Proctor, Ph.D. [Pp. x -f 630, with 70 figures.] (Now York and 
London : McGraw-Hill Publishing Co., Ltd., 1937. 30«. not.) 

This book should prove to be most useful information to all interested in 
any branch of foodstuffs. For the Student the reading is easy to follow, 
and notes can be readily taken of the sources, classification, composition, 
properties, and uses of the raw materials, and if deeper knowledge is required 
on the subject, the most -up -to -date books are quoted for reference ; the 
outline of the process of manufacture of various products are so good that 
one almost expects to read the vital details for the carrying out of the work. 
Another advantage of the book is to bo enabled to compare the American 
methods and foods with those used and partaken of in England, e.gr. in the 
making of bread “ the dough mixer is usually jacketed,” which method is 
rarely used in an English bakery. Flour confectionery is briefly mentioned 
under the heading “ Biscuit crackers and cookies,” whereas a chapter is 
devoted to sugar confectionery, which indicates that the fonner industry is 
not so much to the fore as in England ; nevertheless conftHJtioners’ raw 
materials are extensively dealt with. Then there are the breakfast foods and 
cereal preparations, and a few words used which are unfamiliar. All the 
above facts tend to broaden the outlook and excite exuiosity. 

The authors’ inclusion of those fungus diseases, insects, moulds and 
bacteria, and in many coses their prevention and cure, which are liable to 
attack wheats, com and cereal products, vegetables, fruits and meat is a 
valuable asset. The all-important subject of food preservation is thoroughly 
explained under the headings of refrigeration, dehydration and an excellent 
chapter on ” Canning.” 

The reasonable price of the book allows of its recommendation as a 
text -book for students specialising in foodstuffs and flour confectionery and 
as a useful reference book to breadmaking and flourmilling students, foods 
chemists, etc. 

Marion Chadwxox:. 


GEOLOGY 

The Mineral Position of the British Empire. pPp. 166.] (Imperial 
Institute (Mineral Resources Department) Publication, 1937. 4s. net.) 

The aim of this publication is to outline the status of the mineral industry 
and the mineral resources of the British Empire during the year 1986, the latest 
for which statistics are at present available, and to review the changes which 
have taken place since 1929. The last siimmary, published in 1981, waa based 
on statistics for 1928, but in the intervening period of depression economio 
and poUtioal readjustments have had a marked effect on the industry. 
Indeed, all the important metals and minerals except gold clearly show the 
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<»ff©cts of the great slump. Moat of the book is devoted to a survey of the 
mineral deposits and mining industries of eaoh Empire country. A prelimin- 
ary statement concerning the mineral industry of the coimtry is succeeded 
by a table of output for 1936 and a summary of mineral imports with countries 
of origin and exports showing destinations. The situation in 1936 is com- 
pared with that in 1929, but wherever possible later information is included. 

The remarkable endowment of the British Empire in mineral resources 
is shown in the figures so conveniently summarised. In 1936 the Empire 
produced nearly 87 per cent, of the world's nickel, 68 per cent, of the world’s 
asbestos, Canada taking the premier position in world production for both 
these minerals as well as for platinum. As regards gold, in spite of a greatly 
increased output tlie Empire proportion fell from 72-7 per cent, in 1929 to 
68-3 per cent, in 1936. 

A comparison of world and Empire production for twelve essential 
commodities over the years 1928-36 is conveniently summarised by a series 
of graphs. The total value of the Empire mineral output during 1936 
approximated to £400 million, the United Kingdom contributing nearly 
42 per cent., the Union of South Africa 21 per cent, and Canada 16 per 
cent. The value of the coal output of the United Kingdom represents 
about 37 per cent, of the value of the whole Empire output of all minerals. 

Minerals in wliich the Empire depends almost entirely on foreign countries 
includo antimony, molybdenum, petroleum, potash, mercury and sulphur, 
with most of which it is worthy to remark the United States among foreign 
countries is richly supplied. The general picture presented by this com- 
prehensive survey shows how near the Empire, when considered as a unit, 
approaches mineral independence. ^ ^ 

Kj. ili. 1. 

Elements of Optical Mineralogy. Part I : Principles and 
Methods. By A. N. Winohbu.. Fifth edition. [Pp. xii -f 263, 
with 300 figures.] (New York : John Wiley & Sons, Inc. ; London : 
Chapman & Hall, Ltd., 1937. 17«. 6d. net.) 

With its fifth edition this work maintains its place aa the standard text- 
book of the subject. The fourth edition was reviewed in Vol. XXVII, 
1933, p. 636. No great changes have been made in this edition, but it 
has been found possible to make some corrections and additions without 
adding to the number of pages. More than sixty new or revised figures 
have been included, some showing the latest models of polarising miorosoopes 
and accessory apparatus. Notwithstanding improvements, corrections and 
additions, there is a welcome lowering of the price of the book by 3s. 6d. 

G. W. T. 

SlUoAta Analysis : A Manual for Gaologiata and Chemiata. With 
chapters on Check Calculations and Geochemical Data. By A. W. 
Geovbs, D.Sc., Ph.D., D.I.C., F.G.S. [Pp. xxii + 230, with 11 
figures.] (London : Thomas Murby & Co., 1937. 12s. 6d. net.) 

Sttoohssivh editions of the classical works of Hillebrand and Washington 
have been for many years the authoritative guides in mineral and rock 
analysis, and any new book on the subject — as the one before us — must 
inevitably present the well-tried methods expounded in these texts. The 
author of Silicate AnoXyme has, however, taken advantage of recent progress 
to incorporate improvements in technique and to supply analytical methods 
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for those rarer constituents which have acquired 8i)ecial importance as a 
result of advances in geochemical studies. 

The book opens with preliminary chapters on equipment, sampling 
and the common operations incident in analytical work. In the main part 
of the work — describing the orthodox methods — a clear account is given of 
the chemistry of the operations, and the actual procedure is printed in heavy 
type to facilitate reference while work is in progress. 

The notes on the analysis of some of the more important silicate minerals 
are instructive, and it is encouraging to find emphasis laid on the inadequacy 
of the usual methods for combined water in the case of minerals like opidotes 
and amphiboles. The estimation of ferrous iron in refractory minerals is 
referred to in a short paragraph, but it is hop>ed that the author will give this 
important problem more extended treatment in a new edition. 

The value of the work is enhanced by a chapter on technological applica- 
tions and by an interesting geochemical discussion on the occurrence of 
the elements. A speculative foreword provided by Professor Holmes cannot 
be as strongly recommended as the book itself. 

C. E. T. 


The Petrology of the Igneous Rocks. By the late F. H. Hatch, 
O.B.E., Ph.D., and A. K. Wblls, D.Sc. Ninth Edition. [Pp. xx -f 
368, with 154 figures.] (London : George Allen & Unwin, Ltd., 
1937. 16s. net.) 

Thk eighth edition of this work was reviewed in Vol. XXI, 1927, p. 646. 
Although as a matter of filial piety the name of the deceased senior author 
has been retained in the title, to all intents and purposes the book is the 
work of Dr. A. K. Wells, and it is not the least of his many services to 
igneous petrology. His co-operation with the late Dr. F. H. Hatch began 
with the eighth edition, in which many new features were grafted on to 
the original scheme of the work. Among these new features were chapters 
on the Consolidation of Magmas, on Cycles of Igneous Activity in the British 
Isles, and a discussion of the experimental work of the Geophysical Laboratory 
at Washington in relation to igneous rocks. In the present edition all these 
topics have been brought right up to date. In particular we should like to 
recognise the value of the long chapter (Part V, Chapter HI) which deals 
with the history of igneous a^jtivity in the British Isles. It forms the only 
comprehensive statement of the subject since Sir Archibald Geikie’s 
Volcanoes oj the British Isles (1897) which necessarily was defective owing 
to limitations of knowledge at the time of its publication. Now, with much 
of the detail filled in, Dr. Wells lias been able to write this authoritative 
compilation, which constitutes a remarkable vindication of the muoho 
criticised conception of petrographic provinces or oo-magmatic assemblages 
although, as Dr. Wells remarks, many problems connected with the genesis, 
age and relationships of igneous rocks, still remain. Nevertheless, in the 
British Isles, along with north-western Europe, we now have the data on 
which to found valuable generalisations on the distribution and paragenesii 
of igneous rocks in relation to the tectonics of the regions in which they 
occur. 

In regard to nomenclature Dr. Wells has adhered, in the main, to the 
decisions of the British Association Committee on British Petroloi^cal 
Nomenclatiire. In classification, “ mode of occurrence ” has been superseded 
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by ** gmin«ake *’ as a dominant taxonomic factor, and Dr. Wella has adopted 
the numerical limits of grain*size classes which have recently been suggested 
by the above committee with, as we think, a notable improvement on the 
previous classification. 

In order to make room for new matter the chapters on the metamorphism 
of igneous rocks which were included in previous editions have now been 
omitted as being more appropriate to a volume on metamorphic rooks. 

The book is divided into five parts : Origin, Occurrence and External 
Structure ; Constituent Minerals ; Consolidation of Magmas, and Textures ; 
Classification ; Origin and Associations. The whole work is extremely well 
done, and there are few points that invite criticism. LU-par-lU structures 
are rather incongruously mentioned in the paragraph devoted to sills (p. 20). 
The barbarous hybrid “ ophimottling ” (instead of the more euphonious 
p^nkUophitic) is retained, as also the still-bom term “ perknite ” for ultrabasic 
rooks of pyroxenic and hornblendic composition. A few Scottish place- 
names are misspelled, but there appears to be only ont> notable misprint, 
namely, “ MgCO, for “ MgCOg ** (p. 244). The illustrations §re well 
selected and reproduced, and really illustrate the text. 

G. W. T. 

A Descriptive Petrography of the Igneous Rocks. Vol. Ill : The 
Intermediate Hocks. By A. Johannsen, Ph.D. [Pp. xiv -f 
360, with frontispiece and 178 figures.] (U.S.A. : University of 
Chicago Press ; Great Britain and Ireland : Cambridge University 
Press, 1937. 2U. net.) 

The third volume of Prof. Johannsen *8 great work follows the same excellent 
lines as the two earlier volumes, the second of which was reviewed in Vol. 
XXIX, 1034, p. 168. Here, ekgain, is the full scholarly treatment of all 
relevant topics which charact/erises the earlier volumes. In the present part 
five rook families, namely, alkali -syenite, syenite, syenodiorite, diorite, and 
gabbro-norite, and the auxiliary family of the monzonites, are dealt with 
in the usual exhaiistive manner. Then^ is an interesting digression in con- 
nection with the pyroxenes of the gabbro-norite family, showing why 
extinction angles may appear to be inclined in hexagonal, tetragonal and 
orthorhombic crystals. A number of new average analyses of various 
igneous t 3 rpos is given. There seems to be an error in the statement (p. 17) : 
“ By definition the leuco-kalitrachytes are trachytes which contain potash 
feldspar forming less than 6 per cent, of the light constituents.'* There 
are errors in a few place-names, and it is hardly correct to say (p. 274) that 
the Giant's Causeway is a continuation of Stafia. The one is in Ireland 
and the other in Scotland, and the localities are 120 miles apart. 

Some of Johannsen's taxonomic and nomenolatorial dicta are certain to 
be hotly disputed. He retains the term momonite somewhat grudgingly, 
and states that this name is desirable only in local descriptions of areas where 
such rock-types predominate. He also recommends the abandonment of 
the term troehyandesitep the name used for the volcanic equivalents of the 
momofiitee. In remarking (p. 298) that the term tholeiite is practically 
obsolete, Johannsen ignores the revived and extended usage of tliis term 
in Great Britain to indicate a well-defined series of basic volcanic rocks 
which includes the over-saturated basalts. The reviewer must also oner* 
geticaily dissaat firom Johannsen's view that the term apUite should be 
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dropped (p. 300). The author clearly brings out the unexpected point that 
porphyrUe is on older term than porphyry (p. 82). Elkhomite is a new name 
which is legitimately applied to a labradorite -bearing augito-syonite ; but 
the now term maamfueriis (p. 335) applied by Johannson to olivine-rioh 
basalts, is unnecessary, as it duplicates oceanits, which was coined by Lacroix 
and is now extensively used for identical rocks latterly found to be very 
common in oceanic islands. Notwitlistanding his abhorrence of the 
associational factor in classification Johannsen nevertheless uses this factor 
to distinguish between alkali -lime trachytes and alkali -trachytes in coses 
where the rocks contain neither quartz nor feldspathoids (p. 17). 

In spite of a few small blemishes the sim of the general excellence of 
this great treatise is imdimmed, and we eagerly await the fourth and final 
volume, which is to deal with the Feldsimthoid Rooks and the Ultral:)a8io 
Rooks, when we shall be ready to acclaim Prof. Johannsen os the Rosenbusch 
of modem igneous petrography. 

G. W. T. 


Gulf Coast Oil Fields : A Symposium on the Gulf Coast Cenozoic. 

By Fifty-two Authors. Edited by D. C. Babton and G. SAWTEni:.B. 

[Pp. xxii -f 1070, with frontispiece, 19 plates and 295 figures.] (Tulsa, 

Oklahoma : The American Association of Petroleum Geologists ; 

London : Thos. Murby & Co., 1936. $4.00 or 18s. 6d.) 

This is a symposium which is intended to supplement the similar volume 
on the Geology of Salt Dome Oil Fields^ published by the American Association 
of Petroleum Geologists in 1926. The present work consists of 44 papers 
reprinted from the Bulletin of the Association. The main advances made 
in the interval are the recognition of deep-seated salt -domes, and the intensive 
development of geophysical methods of prospecting. The number of known 
domes has boon approximately doubled by the use of tho torsion balance 
and seismograph. Improved technique on the part of the seismic geophysicist 
with the reflection method, and the electrical logging of wells, led to the 
drilling of salt -domes to a depth of 10,000 feet, and an increase in production 
until in 1936 it reached 123 million barrels. In tho Foreword, D. C. Barton 
states that a great increase in the depth of exploratory wells and of produc- 
tion is a safe prediction. Wells to a depth of 20,000 feet may be mechanically 
feasible and not impracticably costly by the end of this decade, but certain 
considerations suggest progressive decrease in the commercial value of deep 
production with increasing depth. 

The volume begins with a Foreword by the senior editor, D. C. Barton, 
who has also contributed an explanation of the methods of reading an aerial 
photo-mosaic, an example of which is provided in the Frontispiece, which is 
a view of the Barber’s Hill area in Texas taken at a height of 12,000 feet. 
Thereafter the volume is divided into three parts : I. General and Theoretical 
Papers (14 papers) ; II. Stratigraphy (10 papers) ; HI. Descriptions of Oil 
Fields and Salt-domes (20 papers). The last-named part is divided into 
groups dealing respectively with South Texas, South-East Texas, Southern 
Louisiana and East Texas. An outstanding paper in the first part is that 
by D. C. Barton on the Mechanics of Formation of Salt-domes ; other papers 
deal with the structures of the Gulf Coast, and the cap-rook minerals of 
salt-domes. Only the South Texas group of fields includes examples which 
are either questionable salt-domes or definitely not salt-domes. 
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The book is a fine example of the printer’s art, and the illustrations are 
clear, informative and well reproduced. There is a full index of 20 pages 
in double column. The value of this work is not confined to American oil 
geologists, and specialists in the salt -dome fields of other countries would be 
well advised to study it. 

G. W. T. 

BOTANY 

Tranaactiona of the Boae Reaearch Inatitute, Calcutta. Vol. X, 
1934-1935. Edited by Sir Jaoapis Chundkr Boss, M.A., D.Sc., 
LL.D., F.R.S. [Pp. vi + 240, with 65 figures.] (London, New York, 
Toronto : Longmans, Green & Co., 1937. 18^?. net.) 

This volume comprises about a dozen papers on biological and physical 
researches carried out at the Bose Institute in Calcutta, the former mostly 
plant physiological studios and observations made with the aid of the 
sensitive measuring apimratus for which the institute is well known. Tlie 
papers include experiments on the influence of ago on the velocity of trans- 
mission of excitation in Mimosa ; tlie effect of continuous and intermittent 
light on tlie growth of Cosmos ; the relation between age, water-content and 
dormancy in the seed of Cajanics ; the effect of variations of temperature 
on the respiration of Helianthus ; chemical analyses of TrichosantheSt an 
Indian medicinal plant ; the presence of vitamin C in plant juices, and the 
movement of ascorbic acid to the embryo of the coconut ; and (strange to 
the ears of the British horticulturist) upon tlie use of seeds of the various 
Himalayan Meconopsia app, as a source of oil and manure. There is on© 
anthropological paper on human remains from a Maler cemetery, while the 
physical papers deal with the spioctrum of Zinc in ionisation, the absorption 
spectra of the alkaline halides in solution and of Zinc and Cadmium halide 
vapours. 

There is on introductory section by the late Sir J. C. Bose, in which ho 
summarises each paper. 

One serious criticism to be made is that in many of the biological papers 
the results must be greatly invalidated by the small number of experiments 
performed. Thus the relation between loaf age and excitation transmission 
velocity in Mimosa is obtained, if the text is correct, upon observations upon 
one leaf, confirmed by those upon a second ; while results in other papers 
seem to rest upon observations of four or five experiments. In none of those 
papers is it stated or inferred that more than these experiments were per- 
formed, although this is hardly credible. But if more experiments were 
performed, then at least some idea of the statistics or oven of the mean of 
the results should have been given. 

The physical researches are interesting, and, apart from the above criticism 
of the biological work, the papers combine to form an interesting volume. 

F. Y. H. 

ti^ffuzninous Forage Plante. By D. H. Robinson, Ph.D., B.Sc., N.D.A. 
[Pp. vii -f 119# with 35 figures.] (London ; Edward Arnold A Co., 
1937. 6s. net.) 

As the author explains in the preface, this little treatise is chiefly intended 
as an elementary text-book for agricultural students and others, and as such 
it meets a great need, since very few books on crop cultivation liave been 
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published in this country. It deals in a simple and concise manner with 
all the leguminous forage crops grown in Britain, including the true clovers, 
medicks, sainfoins, lupins, sweet clover, kidney vetch, birdsfoot trefoil 
and the pulse crops. Tlio general arrangement is excellent. A chapter 
is devoted to each genus, while each crop — its general characters, seeds, 
seedlings, varieties, uses, seed production and cheinioal composition — is 
treated separately. The botanical characteristics of the seeds, seedlings 
and adult plants are given in considerable detail. With the aid of the 
excellent illustrations, which are a special feature of the book, the reader 
should experience no difbculty in identifying the various crops at all stages 
in their life cycles. Though this book contains many excellent features, its 
usefulness would have been greatly enhanced had more space been devoted 
to the various practical asjiects of crop culture, such as the comparative value 
of varieties and strains, economic uses, methods of cultivation and of seed 
production of the various crops. A few minor errors have been noted, but 
these will no doubt be corrected in the next edition. 

R. D. W. 


PEDOLOGY 

Soil Conditions and Plant Growth. By Sm E. John Extssbix, D.So., 
F.R.S. Seventh edition. [Pp. viii -f 656, with 66 figures, including 
1 1 plates.] (London, New York, Toronto : Longmans, Green & Co., 
1937. 21«. net.) 

Soil students of twenty-five years ago welcomed the first edition of this 
book for two main reasons. First, because it gave, more concisely than it 
had been presented anywhere before, the historical background of soil studies ; 
second, b^ause it presented, in a compact and readable form, an acooimt 
of the then most recent knowledge of the physical, chemical and biological 
properties of soil considered as a medium of plant growth. The book has 
become famous in several languages, it has passed to its seventh edition and 
is more than trebled in size, but it is still based upon the original foimdation. 

The historical introduction has been brought up to date. This intro* 
duction is an essential part of the book, the value of which is in no small 
measure determined by the fact that its author will always consider current 
work in relation to its past history and its future outlook. 

The recent study of the soil from a purely scientific standpoint as 
distinct from its study in the interests of farming has had its proper influence 
upon the book, and two chapters are devoted to the “ The Soil in Nature 
“ Soil Conditions and Plant Growth,” as the title of the first edition, was 
tacitly imderstood to mean ” The Soil in Agriculture.” The same title 
applied to the present edition may fairly be interpreted as ” The Soil in 
Nature and in Agriculture ” and the book is thus enriched in matter and in 
outlook. 

It must be admitted, in spite of the author’s apparent desire that it should 
not be so, that this famous volume is tending to become more enoyolopfedlo. 
The author is still its personal inspiration and all readers will gratefully 
acknowledge that Sir John RusaeU’s world-wide travel and his increastng 
personal contacts with centres of soil research in many couhtriee have 
enriched the book. But the very fact of the author’s width of outlook 
upon his subject seems to necessitate more delegation in the preparatioii 
of the bode and also an incipient tendency for more categorical refereneae 
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and for the book to become more of a book to refer to than a book to read. 
The author appears to be aware of this tendency, and it is good to know that 
he has no wish that it shall prevail. 

Its many frieniis will welcome the seventh edition of this book. 

N. M. C. 

The Study oi the Soil in the Field. By G. K. Clabke, B.Sc., M.A. 
[Pp. 142, with 7 figiiros.] (Oxford : at the Clarendon Press ; London : 
Humphrey Milford, 1936. 5s, not.) 

It is still only recently that tho classification of soils and the characterisa- 
tion of individual soils were attempted on the basis of chemical and physical 
data obtained by laboratory examination. It is now fully rocognii^ that 
this laboratory examination, while very necessary, can, as Mr, Clarke says, 
never be more than a kind of post-mortem examination. The consideration 
of the living ** soil, in situ, with all its variations in physical, chemical and 
microbiological properties, is tho essential basis of the classification of soils. 

The first few pages of this book, including Mr. Morison’s Preface, 
constitute a concise account of the present outlook upon field studies. 
Tliere follows an account of the chief factors involved in tho characteristics 
of the soil -site and then of the factors to be considered in st udying a soil 
profile in a prepared pit. A careful account is given of the method of 
removing a portion of the profile — tho monolith — for laboratory study and 
museum purpotKJS. 

In th(3 chapter dealing with the actual mapping of tho data gathered in 
field studies tho author successfully faces the most difficult part of his under- 
taking. He gives references to certain works on “ Field Sketching ** and 
on “ The Use of Maps which will help many readers in acquiring the 
background needed for the full appreciation of this chapter. 

The book concludes with what is essentially a survey of systems of soil 
studies in the field. 

Mr. Clarke writes with authority on a subject in the development of which 
he has taken a very prominent part. In a small book of 142 pages he has 
gathered together a wealth of information which will be welcomed by all 
soil students and particularly by those who have not had the opportunity 
to be personally in touch with the field studies of recent years. 

N. M. C. 

ConMrvation oi the Soil. By A. F. Gustafson, Ph.D. [Pp. xviii + 
812, with 196 figures.] (New York and London : McGraw-Hill Pub- 
lishing Co., Ltd., 1937. 18s. net.) 

This author tells us that his interest in soil erosion began in boyhood days 
and that nearly every spring found him replacing com that had been washed 
away. He has made the subject a life study and writes with the authority 
of a Professor of Soil Technology who has worked as an expert in the United 
States Soil Conservation Service. 

This book is essentially written for landowners, farmers and soil students 
in the United States, where it is tentatively estimated that 13 million acres 
have been ruined and 600 million acres damaged by water and wind erosion. 

The early chapters survey in some detail the losses and damage that 
have occurred and the infiuenoe of such facts as the distribution of rainfall 
and slope of land upon the effects of water and wind in removing productive 
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soil. The covering of productive soil in some areas by wind-blown sand is 
also described. 

It is pointed out that under natural conditions of either forest or prairie 
the vegetation and the maintenance of organic matter largely prevent erosion 
losses. It is therefore becoming a part of feurming practice in endangered 
areas for the organic matter content to be maintained at a high level for the 
purpose of binding the soil, and consideration is given in such areas to the 
use, as far as possible, of close-growing crops. 

Cropping on the contour lin(5S of sloping ground tends to reduce losses 
and the practice of strip crossing (that is, growing all the crops of a rotation 
in strips across a slope and on the contour line) seems to be increasing. 

The various systems of terracing slopes and of constructing wind breaks 
are desoribod in some detail. 

Students of soil problems in countries in which the erosion menace is 
fortunately not so great as in America, will find this book interesting and 
useful although perhaps a little too detailed. There are 195 illustrations 
which are well worth examining. 

N. M. C. 


ZOOLOGY 

Cold Spring Harbor Symposia on Qxumtitative Biology. Vol. IV. 
[Pp. xii + 376, with numerous figures.] (Cold Spring Harbor, L.I., 
N.Y. ; The Biological Laboratory, 1936.) 

This volume is devoted to problems of actuality and controversial aspects 
of the phenomena of nervous conduction, excitation, and neuromuscular 
transmission, to mention the chief subjects of its 36 articles. The succinct 
presentation of the various problems and the lively discussions make stimu- 
lating reading, and certainly succeed in their object of presenting the state 
of knowledge and speculation at the time of the meetings. 

Space does not permit of a mention of all the interesting contributions, 
but attention may bo called to a few. J. Z. Young gives an account of the 
giant nerve fibres and synapses found in certain invertebrates. An increase 
in precision of knowledge of the structure of these elements cannot fail to 
be of importance from the point of view of progress in knowledge of their 
function. The ultra-structure of nerves as revealed by X-ray and polarised 
light studies is dealt with in a most interesting article by F. O. Schmitt. 
Particularly important is the new evidence concerning the organisation 
and birefringence of the constituent elements of the axon and of the myelin 
sheath. 

The problem of the function of acetylcholine and sympathin in nemo- 
muscular transmission is considered by several contributors, including H. H. 
Dale ; and L. Lapique develops a hypothesis to oexsount for the new data 
and to co-ordinate the chemical and physical explanations of the phenom^m. 
This hypothesis is based on the supposition that the chemical substance acts, 
not between nerve-ending and muscle end-plate, but as a distributor Irom 
the muscle end-plate to the muscle of the excitation which has been conveyed 
from the nerve-ending by physical means. A oonunentary on this hypothesis 
is added by Dale. 

Especially interesting is an article by H. Hoagland on the phenomenon 
of pacemakers in the nervous system, leading to the problem of appre- 
ciation of passage of time* The potentials set up in the cerebral cortex are 
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cUaoussed by several contributors, and G. H. Parker gives an account of the 
control of chromatophores by means of neurohumours. 

G. R. DE B. 

The Peete of Fruits and Hops. By A. M. Massbe, D.Sc., F.R.E.S. 

pPp. 294, with 27 plates.] (London : Crosby, Lockwood & Son, Ltd., 
1937. net.) 

CoMitfBKOiAL growers and students alike have witnossod during the lost 
twenty years huge developments in the production of fruit. These changes 
have been in many ilirections, but perhaps nowhere so arresting as on the 
pest side and theii* control. Now posts, such as certain Capsids, the Fruit 
Tree Rod Spider and the Strawberry mite, unknown before the war, are 
now everyday occurrences. I’ower machines, tar-distillates, petroleum washes 
and Dorris preparations are now all part of the modern fruit-grower’s equip- 
ment. His book of roforenoe was Theobald’s Insect Pests of Fruit, out of 
date, largely unobtainable, but still a modern classic. 

Dr. Masstjo of East Mailing has taken a leading part in these changes 
and is the accepted authority on fruit pests and their control. The Pests 
of Fruits and Hops is therefore doubly welcome. 

This book is frankly an attempt to lay before the fruit-grower and student 
a simple and brief accoimt of some of the more important insects and allied 
pests that occur on top and soft fruits and on hops. Technical descriptions 
of insects have been omitted on purpose and the information given is designed 
to enable the practical man quickly to recogni»o the pest in the field, either 
from its appearance or nature of the damage done. To aid this Dr. Massae 
has called upon Mr. R. M. Groonslade and ho has responded by producing 
many excellent illustrations both of pests and their damage. 

The first twelve chaptors deal with posts in the alphabetical order of the 
various fruits. Thus Chapter 1 is on Apple pests. At the beginning of 
each of these chapters is a list of the pests grouped under such headings as 
“ Beetles,” ” Motlis,” ” Sawflies,” etc. Accompanying each entry is a 
statement as to the part of the plant attac^ked and a page reference. Asterisks 
indicate the most important pests. This feature is most useful. The infor- 
mation about each post is then placed before the reader with such side- 
headings as ” recognition in the field,” ” notes on life-cycle ” and ” control 
measures.” At the end of the paragraphs concerning each post there is 
a short list of references which may be consulted for additional infonnation, 
the systematic or technical ones being marked with an asterisk. Chapter 
13 is on beneficial and harmless insects ; chapter 14 on insecticides ; and 
chapter 15, by Mr. J. Turnbull of the Ministry of Agriculture, on spraying 
equipment and methods. Finally, there is a scientific index, accompanied 
by a popular one and an index of authors. 

The subject matter of this book is characterised by its accuracy, suo- 
cinotness and clarity. There are remarkably few serious omissions, the 
popular and scientific names used havo much to recommend them and 
throughout one has the comfortable feeling of listening to on authority. 
The format is pleasing and utilitarian. So is the price. One c€uinot get 
away from the fact, however, that Dr. Massee has apparently catered for the 
man who already knows quite a lot about pests and fruit-growing. In 
other words, by carrying out the intention of producing an up-to-date work 
for commercial growers, the author may have been compelled to sacrifice 
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in some measure its palatableneas to a far wider field of readers. This book 
deserves the length of life and demand accorded to Theobald's InwU PmU oj 


Fruit. 


H. F. B. 


Mineral Nutrition of Farm Animals. By H. H. Mitchell and F. J. 
McClxjbb. Bulletin of the National Research Cotmcil, No. 99. [Pp, 
135.] (Washington, D.C. : National Research Council of the National 
Academy of Sciences, 1937. $1.00.) 


This bulletin deals in a concise but very clear manner with the whole field 
of the mineral nutrition of farm animals. After some account has been 
given of the mineral content of farm foods, the availability and utilisation 
of minerals in a ration, and some of the factors affecting the same, as well as 
the evidences of mineral malnutrition in animals, the requirements of the 
individual species are considered each imder their own heading. A chapter 
at the end dealing with the practical aspects of the subject should be of 
considerable value to the stock feeder, and this utility is enhanced by tables 
in the appendix giving the percentages of the various mineral constituents in 
a large number of foodstuffs, and also the estimated requirements for calcium 
and phosphorus of the different species according to body weight and dry 
matter, and/or net energy requirements of food. Attention is also paid to 
the requirements for egg-production in fowls and for pregnancy and lactation 
in other classes of stock. The excellence and usefulness of the bulletin is 
rounded off by a very full bibliography giving some 000 references. The 
bulletin should be of use equally to the stock feeder and to the scientific 


research worker. 


W. Goddek. 


Das G^fuge des Iiebena. By Da. Lunwio von Bebtalanffy. [Pp. 
vi 4- 197, with 67 figures.] (jLei}> 2 iig : B. G. Toubner, 1937. RM. 6.80, 
bound ; RM. 5.10 outside Germany.) 

This is a remarkably compact, comprehensive and up-to-date account of 
the main facte of biology looked at from the organismal point of view. The 
author, formerly of Vienna and now at the University of Chicago, is, of 
course, well known as one of the leading exponents of this integrative view 
of the living thing, which avoids the pitfalls of meohanisth and of vitalism, 
and leads to a more adequate conception of the living organism as a unitary 
dynamic process. In his Theoretiache Biologie (Vol. I, 1932), which was 
reviewed in this journal (Vol. XXVIII, p. 363), the organismal theory is 
fully discussed and justified ; the present volume contains a shorter and 
more concrete exposition of it. The book covers the whole field of biology, 
from colloid chemistry to the study of intelligent behaviour, and the value 
of the organismal approach is emphasised throughout. The physiology of 
development and the theory of heredity and evolution are dealt with 0 }ily 
in outline, as those fonn the subjects of other books, by Diirken, Lehmann 
and Hesse, in the same series. 

The book can be heartily recommended, and should be read by all 
biologists who wish to keep in touch with the theoretical developments in 
their science. The importance of regarding the organism as a functional and 
dynamic whole appears to be establishing itself in Continental biology, but 
it penetrates slowly in this coimtry. For this reason it is to be hoped that 
someone will undertake an English translation. 
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There is little to say in the way of criticism ; we found the treatment 
of the gene theory and the problem of instinct particularly good and illu* 
minating ; there is a useful bibliography and glossary, and the illustrations 
are well chosen. Whether the orgonismal theory, in the form giv^n to it 
by Bertalanffy, goes suMciently far to include all vital manifestations, 
especially those we are accustomed to Bepiu^ate ofiT as psychological, is a 
matter for discussion, but it certainly represents a considerable advance 
on the older views. 

E. S. Russsxx. 

The Intelligence of Animals. By G. C. Gbindley, M.A., B.Sc. 

Methuen’s Monographs on Philosophy and Psychology. [Pp. viii 4- 
70, with 1 figure.] (London : Methuen & Co., Ltd., 1937. lls. fid. net.) 

Mb. Gbindley, who is Lecturer in Experimental Psychology at Cambridge, 
has been given a very difficult task. It is no easy matter to cover such an 
extensive field in such small compass. Within the limits of space and his 
own restriction of the field to the results of laboratory work he has made a 
good job of it. One is inclined to suggest that too much emphasis is placed 
on the importance of exact experimental results, and too little upon the 
biological backgroimd of behavdour. Also the short bibliography of sug- 
gestions for further reading seems imnecessarily restricted in scope. 

The subject matter is dealt with under the following hec^ — ^The Evolu- 
tion of Ai^ial Intelligence, The Main Forms of Learning (habituation, 
conditioned responses, and trial and error learning), Reasoning. In the first 
section, m discussing instinct and intelligence, Grindley seems to us to 
underestimate the part played by instinct in the higher mammals. It is 
true that their instinctive behaviour can be greatly modified tlirough experi- 
ence, but no one who has watched a bitch produce and tend her first litter 
would subscribe to the statement on p. 21 that the exact means by which 
instinctive ends are attained in the higher mammals are determined through 
individual experience. This is only partially true. 

E. S. Russell. 

MEDICJNB 

A Text-Book of Phyelology. By H. E. Roajt, M.D., D.Sc., M.R.C.S., 
L.R.C.P. Second Edition. [Pp. viii -f fi79, with 338 figures.] 
(London : Edward Arnold A Co., 193fi. 21s. net.) 

Ik prefacing this new edition of his Text-Book of Physiology the author 
explaina that his aim is to present ** a reasonable account of physiology 
wiUi a logical presentation of material,” the implication being that if the 
fundamental principles of mechanics, physics and chemistry involved in 
physiologloal processes are once grasped by the student, the subject will 
be shorn of many of its difficulties. To achieve this purpose the book is 
divided into four parts, of which the first two are designed to deal with the 
fundamental principles involved, and the lost two with what one might call 
more purely biological phenomena. 

As the mechanical principles are assumed to be more familiar to the 
student than the physical and chemical ones, the former are introduoed 
first, so that Part I is headed Mechanical Aspects, and Part II Chemical 
Aspects. This half of the book is not, however, confined to discussions of 
mebhanics, physios and chemistry, but as each principle is introduoed the 

Bjt 
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pbyriologioal meohaoisma based on these are also described, so that Part I 
contains the physiology of the skeletal ssrstem, a description of repiratory 
movements, events of the cardiac cycle and significance of heart sounds^ 
ooncluding with a very condensed account of histological methods and the 
general structure of the tissues. Part II, continuing in a similar way, includes 
the chemical aspects of respiration, the ph 3 r 8 iology of digestion, absorption 
and metabolism, and urinary analysis. 

As distinct &om the fundamental mechanical and chemical processes, 
the biological co-ordinating mechanisms are described in Part III, which 
is chiefly occupied with the nervous system (including the special senses), 
and the endocrine glands. The regulation of the circulation and respiration 
is also postponed to this part. The fourth part of the book deals with the 
maintenance of the individual and reproduction, and includes nutrition, 
reproduction and heredity. 

With the ever-groater complexity of modem physiology, where it is 
becoming increasingly difficult to appreciate any one system without know- 
ing sometliing of the others, the arrangement of material in a text-book 
presents many problems. But it is difficult to feel that Professor BoaTs 
arrangement presents any concrete advantages over the more orthodox ones* 
One sees how very arbitrary is the division of physiological processes into 
chemical aspects, mechanical aspects and integrating mechemisms, and such 
a division has the disadvantage of making the subject rather disconnected, 
as, for example, the account of respiration which is described in Chapters 
4, 19, 35 and 41. One also feels that insufficient space has sometimes been 
allotted to important subjects, e,g, the whole question of hyperthyroidism 
is dismissed in ten lines. 

The book is, however, very readable, and profusely illustrated, and 
for the student making his first acquaintance with physiology it should 
be useful in helping him to gain that background of knowledge of the workmg 
of the body so essential to a medical career. 

D. H. S. 


PHILOSOPHY 

The Philosophy of Religion versus the Philosophy of Sdeiice. 

By AiiBSBT Eaolb. [Pp. 352.] (Printed for private oiroulation, 

obtainable through all booksellers from Simpkin Marshall, Ltd. 5s«) 

The thesis maintained in this book is that we must think in terms of three 
categories — space, time and substance. It is taken as axiomatic that space 
has only three dimensions, since more are imthinkable. Space and time 
being in themselves void, all properties of nature must be properties of 
substance, and it is proposed to explain the phenomena of physios, biology 
and psychology in terms of four kinds of substance, each occupying space and 
enduiing through time. These are called respectively the ** inner-Qgo,’* 
the ** mental substance,** the non-material body,** and the ** material 
body,’* and are regarded as being patterns on the Being of Qod whiob, in 
the ultimate philosophical analysis, is the only substance in existence* 
The book is partly an attempt to show that this hypothesis is the only one 
that fits known facts, and partly a tirade against those aspects of prevafiiti^ 
scientific views (particularly the theory of relativity) whk^ conflict with it. 

We find the constructive part of the book unconvim^itig and the desiriioti^e 
part meffbeUve. The author’s passion distorts whatever povw of griliiMd 
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judgnmt be might poMe«s» and makes havoc alike of reason, grammar and 
diction. The so-called suooesses of relativity are described as ** largely 
accidents,’’ and the whole relativity theory is regarded as merely a mathe- 
matical trick for relating physical measurements with one another, devoid 
of “ explanation ” of what occurs. It is not easy to understand why the 
author, with his view of what constitutes explanation,” does not at once 
solve all scientific problems merely by ascribing whatever happens to the 
Will of God ; it would be so much simpler than invoking a multiplicity of 
patterns to explain isolated phenomena. Indeed, he almost reaches this ideal 
in biology. ” How luminously explicable all biological phenomena are,” 
he writes, “ if we will only recognise an invisible, non -material world in 
which unseen intelligences are working to produce definite ends wliich th^y 
know all about, but of which we are ignorant.” In an age in which the 
prevailing vice is a too easy aooeptanoe of nonsense beicked by authority, 
Mr. Eagle’s independence is not unrefroshing, but when absolute values 
are considered it is doubtful whether the blind fury of his dogmatism, despite 
the arrogant protestation of humility which accompanies it, is not worse 
than the bovine docility against which he thvmders. 

H. D. 


Soienoa and Haality. By J. M. Lowbon, M.A., B.8c., F.L.S. [Pp. 
viii -f 142, with 4 figures,] (London : 0. A. Watts & Ck),, Ltd., 
1936. 5s. net.) 

In this book an attempt is mode to find a real explanation of the universe. 
Science is restricted by its methods to the investigation of a pkenofnerud 
world, and reality is probably attainable only by oautious inference from the 
most reliable observations and generalisations of science. Tlie reality that 
lies immediately behind phenomena, however, need not be the ultimate 
existence, but its nature might provide philosophers with more assured 
premisses on which to base their speculations about ultimate existence. The 
conclusion reached is that ” the real existence immediately behind phenomena, 
which may simply be called the ether, is t^o bo conceived as Cosmio Energy 
directed and controlled by Ck>8inic Mind,” and various possible philosophi^l 
speculations about ultimate existence, compatible with this conclusion, 
are mentioned. As is usual with books of this type (e.g. Mr. Eagle's book 
reviewed above), the ” explanation ” arrived at is virtually a change of name. 
Thus, ” Here we have the fundamental explanation and the innermost mechanism 
of that responsiveness to the action of stimuli manifested not only by living 
organisms, but also by inorganic substances. The physical and chemical 
forces acting between atoms and mokoules must also be thought of as regulated 
by cosmic mind ” (author’s italics). The principle of relativity is rejeoted 
and an alternative suggested, and the author puts forward a theory of terres- 
trial magnetism which not only rests on a very speculative basis, but also 
is i^esented with such absence of detail that criticism is scarcely called 
for. If the author is serious he should put it in a form in which it can receive 
serious oonakleration. The possible variety of books of this kind seems 
infSnite, since ^peculation about reality is unbridled. The author pays lip 
service to the need for restraint when he states that ” the philosopher must 
seek for reliable premisses in the latest (reviewer’s italics) results, and general- 
liflyMioiie# and infmmm of all the sciences,” but since he cmcxcmt among other 
^biagSi a minute undiscovered dififerenoe of charge between positive and 
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iiegative eleotrons before arriving at the reality immedicUdy behind phe 
the limitation is not likely to become irksome. 

H. B. 

A Creed for ScepUce. By C. A. Strong, LL.D. fPp. ix + 08.] 
(London : Macmillan & Co., Ltd., 1936. 6s. net.) 

This book is extremely difftcnlt to appraise. It contains five chapters — 
one of which is in French and another written almost entirely by Voltaire 
— and two original poems. The author is a sceptic, i.e. a “ disbeliever in 
traditional religion,” but not a philosophic sceptic, for his book is described 
as ” a defence of knowledge against philosophic doubt.” He appears, 
however, to maintain neither attitude consistently, for although the last 
chapter asserts that the universe has no consciousness, the first loses its 
force if the frequent teleological arguments are not taken literally ; and 
in spite of the claim in the Preface ” that things are real and that perception 
is a knowing of them,” we reach at the end the conclusion that ” the clearest 
reasoner must be, in the final review, a sceptic, and admit, with Socrates, that 
he does not definitively know'' The difficulties aroused by these passages 
are typical of many that meet the careful reader. The scientifically minded 
will want to know whether the author’s philosophy is based on experience 
or not. The suggestion of p. 92 is that it is, for he rejects the unity of the 
universe by ” confining ourselves to what experience shows,” yet p. 28 
tells us that the existence of things is quite independent of our experience 
of them. Again, what can the simple-minded make of such a sentence as 
this ; ” It was the shadowy, evanescent, unreal nature of the datum that 
disposed me to think of it as an essence ” T Whenever we have believed 
ourselves to have grasped the author’s meaning at last, another passage 
has occiured to prove us wrong. After reading the book we can agree heartily 
with him that ” the only right intellectual attitude toward the universe is, 
in my opinion, that of science,” but we cannot explain why he has not 
adopted it. H. D. 

MISCELLANEOUS 

Back in the Stone Age. By Charles Chewzkgs, Ph.D., F.O.S., 
F.R.G.S., A.M.I.M.E. [Pp. xxii -j- 162, with 23 plates.] (Sydney : 
Angus A Robertson, Ltd. ; London : The Australian Book Co., 1936. 
la, 6d.) 

The aborigines of Central Australia have interested the scientific for many 
years, especially since the classic work of Spencer and Gillen. Their extremely 
simple material culture— 'they may truly be considered to live still in the 
Stone Age — ^their elaborate ceremonial, their complex social organisation 
have all contributed to this interest. The late Prof. Sollas, in his welLknown 
work AnderU Huntera, compared them with Mousterian Man. Recently 
the whole question of their survival has become a matter of public discussion. 
The Aranda people, as the present author spells their tribal name, probably 
owe their survival to their very remote geographical position. The advance 
of modem civilisation and the inevitable cultiire contacts put these people 
in considerable peril. The author of the present book, who has had a Ufo- 
time experience of these remote people, gives a clear account of their ordinary 
manner of life, their methods of gaining food, thdr social organisation and 
their general outlook on life. He also gives a good deal of infornuition 
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about their relations to the Whites. The book is simply written and is 
intended to supply information which may be of value to the ordinary man 
who may wish to form an opinion on the vexed question of the protection 
of aborigines. The anthrox>ologist will probably not find very mueh that 
is new, but the man who finds anthropological works either too technical 
or even too revolting will find in this short book a great deal of accurate 
information. The illustrations are excellent and well chosen and a useful 
map is provided as an end-paper. L H D B 

Twins : A Study o{ Heredity and Environnnent. By H. H. Nsw- 
MAN, F. N. Fkeeman and K. J. Holzinoeb. [Pp. xvi -f 369, with 
39 plates and 33 figures.] (U.8.A. : University of Chicago Press ; 
Great Britain and Ireland : Cambridge University Press, 1937. 
18s. not.) 

This large book constitutes an ample and detailed report of researches carried 
out over a period of ton years, in which “ a psychologist, a statistician and 
a specialist in the biology of twins ** co-operated. It is, as would be expected, 
much the most thorough study of the kind that has yet appeared. In recent 
years the view has been often put forward, with a confidence perhaps 
proportional to the inexperience of the writer, that twin studies would 
prove of revolutionary importance in elucidating such important questions 
as the measurement of the influence of hereditary and environmental factors 
on desirable human characteristics. The results of the studies here reported, 
and the wisely temperate tone of the authors, should go far to dispel this 
illusion : it is not that the results attained lack permanent and substantial 
scientific value ; it is rather that their interpretation is hampered by just 
the same difiioulties, some technically statistical, and some more properly 
experimental, which are encountered in other human studies. 

In the first investigation, dealing with a comparison between fifty monozy- 
gotic and fifty dizygotic pairs, a point of great interest emerges in the average 
differences within such pairs of different traits. Differences between mono- 
zygotic twins must be ascribed in part to errors in measurement, and in part 
to environmental differences of an accidental character. Dizygotic twins 
differ, in addition, in hereditary factors, to about half the extent, in fact, 
that imrelated persons would differ in a well -mixed population. The ratio 
between the average differences constitutes, therefore, a simple and direct 
measure of the importance of heredity compared with such accidental 
environmental factors as may affect persons of the same social class. The 
order in which different traits stand in respect of this ratio is, therefore, 
of very general interest. 

Of the traits listed (Table X, p. 72) the highest ratio (3*78) is g^ven by 
the total count of the finger-print ridges. Next come stature 2*59, and 
weight 2*44. These are the three traits for which heredity has the highest 
importance. More moderate values are shown by head-length 2d 4, Otis 
intelligence quotient 2*07, Stanford educational age 1*81, Cephalic index 
1*75, and Binet intelligence quotient 1*68. The three lowest ratios are given 
by head width 1*50, total motor score 1*50, and Woodworth-Mathews 
tests 1*26. 

Biychologists and anthropologists will note with interest that current 
methods of measuring intelligence are at least as greatly infiuenced by 
genetic differences as are some of the classical measurements of ethnography. 
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The liit miggeets, indeed, that height and weight, together with measure- 
ments of intelligence, have not been miiSoiently appreciated as indioatioiui 
of racial affinity, and that measiuements of the h^ may have been over- 
rated. The low ratios for the temperamental tests are reasonably explioable 
from their low reliability on repeated testing of the same individual. 

The order assigned to the traits is confirmed, for those not greatly dependent 
upon age, by the differences between the correlations, measured on the 
z scale, shown in Table 26 (p. 98) : 


Finger ridges 

1-362 

Otis I.Q. 

0*876 

Cephalio index 

0*819 

Binet I.Q. 

0*770 


It would be of interest to extend the comparison, by making allowance 
for age, to the remaining traits ; since, in this case, we are dealing with 
comparisons between different sets of twins, and therefore diiferenoes in 
home environment, so far as they are effective, are here present, in addition 
to the accidental environmental differences between children reared in the 
same home. 

A large part of the book (pp. 131-334) is devoted to detailed case records 
of twins separated early in life, and an attempt is made to correlate twin 
differences with estimated differences in the home environments. As would 
be expected, no significant correlations appeekr with the physical measure- 
ments, the majority being negative, with the exception of weight, which is 
found to be associated with the home rating of physical well-being and 
health. Intelligence tests, however, are fotmd to be strongly associated 
with educational opportunity. Table 93 (p. 340) also gives three of these 
tests out of five as significantly associated with social differences, but it appears 
that the table is giving total correlations, and, since educational and social 
advantage are said to be themselves correlated positively (Table 92 gives 
the value 0*260), it appears that the social factor alone is without significant 
effect on apparent intelligence. The authors appear to overlook this point, 
for they say, p. 341, There thus appears an undeniable tendency for wide 
social differences to be associated with differences in intelligence, whether 
measured by verbal or non-verbal teste.” Such association as may exist, 
however, appears to be insuf^oient to be judged significant on the basis 
of the nineteen pairs of twins here studied, and even the non-significant 
residual effect may well be ascribed to the inevitable inaccuracy of the 
rating of the educational opportunities offered by different homes, sinoe, 
if a variable be inaccurately measured, its influence will be only partially 
removed by the technique of partial correlation. 

The book is well supplied with tabular data, which deserve careful study. 
The reviewer has not, however, found any statement to the effect that the 
complete date of the two investigations have been here put on record. If 
80 , it must have been scattered in a large number of tables of secondary data. 

R. A. F. 

Tlia Design of Ex|>erimsnts. By B. A. Fishxb, Sc.D., F.R.S. Second 
edition. [Pp. xii -f 260, with 5 figures.] (E^burgh and London t 
Oliver A Boyd, 1987. 12a. 6d. net.) 

Is wee suggested in the review in these pages of the first edition of Rrof, 
Fisher's new book that its importance would lie in the foundations it laid 
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of a new branch of soience, that of ** experimentation.*' That is still the 
reviewer's opinion, and the early appearance of a new edition is evidence that 
the seed has not fallen on stony grotmd. The book is substantially unaltered. 
There are a number of numerical corrections, but apart from this the changes 
are additive. Details are given in Section 35 of completely orthogonalised 
8x8 and 9x9 Grssco>Latin squares, and a new section which follows 
describes an exceptional design which was found of utility in a cotton- 
mill experiment in order to trace a winding defect . Examples have been added 
at the end of Chapter VII which illustrate some of the newly developed 
combinatorial arrangements, which, the author states in a supplementary 
preface, are attracting considerable interest. The attractiveness of the 
dust cover is enhanced by the adding of a seven -colour diagram illustrating 
a Latin square design. 

J. W. 

The Official Year-Book of the Scientific and Learned Societies 
of Great Britain and Ireland. Fifty -fourth annual issue. [Pp. 
viii 4- 172.] (London : Charles Griffin & Co., 1937. lOs. net.) 

This useful and well -produced book gives in considerable detail information 
of the activities of some 600-700 societies : officers, membership conditions, 
meetings and publications (including where possible a detailed list of papers 
and reports issued during the session 1986-37). Its scope may be judged by 
the following selection at random from the index : Child Study Society, 
Forest Products Research Laboratory, Egypt Exploration Society, Stafford- 
shire Iron and Steel Institute. A great quantity of material has been 
brought together, concisely arranged and — an important point — ^well indexed ; 
the result is a valuable reference book for the scientific world and for those 
who have dealings with it. 

Its pages are a testimony to the vitality of scientific thought in this 
country, as manifested not only by august and world-famous institutions, 
but by those innumerable provincial and professional groups of enthusiasts 
whose imspeotaoular labours in collecting, recording and discussing observed 
facts are of the very stuff of scientific enquiry. 


P. J. E. 
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Ambix, Journal, 555 
American floods, causes of, 305 
Amino^acids, synthesis, 630 

di^tive system, 751 
mt in, 753 

Amenda investigations in India, 335 
At^alyses, radiometric, 42 ; usmg radio- 
active indicators, 41 
AndanKm end velocity of light, 714 


Aneurin, annay of, 310; formula and 
HynthcHw, 86 

Aniline, manufacduro of, 513 
Aninotropy, coiwtantH of, 683 ; Mag- 
netic, of CrynlalH, K. Lonsdale. 677 
Annelid para|K;(iia. movement of, 751 
Anthraejuinone, manufacture from 
phthalic anhydride. 510 
Anthropometry, standardiMation, 761 
Aphids, (lovelopment, 540 
Aquatic plants. gaHeous exchange, 540 
Archaeology, Ke<'ent Advances m, E. N. 

Fallaize, 129. 548 
AiHohaimi^ 436 

Arthropods, Biology of Light-Produc- 
lion among, N. 8. Koystou Malonif, 
228 ; effect of oxygen, 232 ; 
efliciency of, 241 ; in Collombola, 
230 ; in Ousiacoa, 228 ; in Hexa- 
poda, 229; in Myriapoda, 229; 
induced, 232 ; intensity, 242 ; in 
Pk^inm, 231 ; rhythm, 230 ; wave 
length, 242 

nervous system of, 321 
Asteroids, brightness, 705 ; ph3rsical 
nature of, 705 ; liciiimuth, 704 
Astronomy, Recent Advances in, R. W. 

Wrigley. 74, 295, 495, 704 
Atomic constants, 304 ; determination 
of, 84 

number, effeedive, 472 
Atoms, exchange of in homogeneous 
gubstancea, 44 
Audibility, minimum. 301 
Authigenic minerals in ocean sediments, 
12 

Bakra, 433 

Bantu, blood groups, 336 
Barnes (H, F.)» Recent Advances in 
Entomology, 120, 542, 765 
Bees, colour Honso, 21) ; dance language, 
34, 36 ; Language of, K. von 
Frisch, 29 ; scent organ, 87 ; smell 
sense, 31, 35 ; taste sense, 32, 37 
Beetle populations, 138 
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Benzaldehyde, manufacture of, 511 
Benzoic acid manufacture from phtlialic 
anhydride, 510 

Beryllium, valency and configuration, 474 
Bethlehem, excavation at, 648 
Biela comet, 600 

Biochemistry, liooont Advances in, 
W. O. Kermack, 309. 722 
Bismuth, susceptibility of, 686 
Bond (W. N.), Recent Advances in 
Physics, 79, 299 

Boron and Plant tlrowtli, K. W. Dennis, 
68; and pollen development, 62; 
available to plants, 64 ; control, 68 ; 
deficiency, 69, 68, symptoms, 69, 63 ; 
function, 61 ; sources of, 64 
Boswell (P. G. Floor of the 

Ocean, 1 ; The Great Ico Age ( /'.'sstii/ 
Review)^ 668 

Botany, Recent Advances in, E. J. 
Salisbury, 116, 316, 636, 747 ; 

Anatomy, 116, 760; Ecology, 117, 
318; Geographical distribution, 
118; Genetics, 120; Morphology, 
117, 319 

Bracken, biological control. 317 ; spimd 
of. 316 

Brody (O. L.), General and Organic 
Chemistry, 86, 509 ; (.'hanging Face 
of Organic Chemistry {Essay Reviea')^ 
356 

Brain, regeneration of tissues, 40 
Bread, vitamin B content, 312 ; white c. 
wholemeal, 309 

Broglie, de, and wave mechanics, 221 
Browning (Ethel), Manganese and Cobalt 
in Plant and Animal Economy, 276 
Butadiene, structure. 259 
Buxton (L. H. Dudley), Re(?ent Advances 
in Physical Anthropology, 32.6, 76H 

Canadian mining, future of. 142 
Canyons, submarine, 3 
(Japillary whaler, 1 1 3 
Carbon, gaseous, 93 
Carcinogenic hydrocarbons, 635 
Catalaae, structure of, 314 
Cellulose, digestion by Arthropoda, 642, 
by Ciliophora, 640, by Crustacea, 
642, by Flagelluta, 639, by Gastro- 
poda, 640, by Insert a, 642, by 
Lamellibranchia, 641, by Mollusca, 
640, by Protozoa, 639, by Rhizo- 
IKxla, 639 

Chalklin (F. C.), Recent Advances in 
Physics, 501 
Chelate groups, 464 

Chemical Nature of Coal, J. W. Cobb 
{Essay Remeu^), 160 

Chemistry, Recent Advances in General 
and Oiganio, O. L. Brady, 86, 509 
Changing Face of Ot^ganic (Essay 
Rexncw)f 856 

Chimpanzee, endocranial oast, 320 


Chitin, digestion of, 644 
Cholera treatment w'ith phage, 834 
Ohromophors, 634 
Clay and ocean floor, 6 
Climate and soil structure, 067 
Cbbalt, and insulin, 283 ; and nervous 
system, 285 ; co-ordination com- 
pounds, valency clistrilmtion, 474 ; 
functions of, 288 ; hcemopoietic 
stimulant, 284 ; in animal tissues, 
282 ; in plant tissues, 282 ; meta- 
bolism, 288 

Cobb (J. W.), Chemical Nature of Coal 
{Essay Review), 160 

Coccophagus, bisexual development, 756 
Co-onzymes and nicotinic acid, 722 
Coleoptera, larvae of, 124 
Collembola, 758 ; li^t-production in, 230 
Comber (N. M.). Recent Advances in 
Pedology, 113 
(Jontact potentials, 504 
Co-ordination Compounds, E. G. Cox and 
W. Wardlaw, 463 ; optical activity, 
464 ; with four covalent atoms, 
465 ; with six covalent atoms, 464 
number of eight elements with, 476 
Copper oxide, conduction of electricity, 
658 

planar arraugemenl of valencies, 470 
Corals, 743 

('orona, morphology of, 319 
Corpus allatuni, faction of, 125 
Cox (E. G.) and W. Wardlaw, (.o ordina* 
tion Compounds, 463 
Cnimb fonnation, theories of, 671 

structure and clay, 671, and mineral 
soils, 673, and organic matter, 675, 
and soil moisture, 666, of soil, 661 
(see also Soil aggregates) 

Crust block tilting and earthquakes, 54 
Oustacea, light production in, 228 
(.^’ystal structure, analysis by X-rays, 
250 

Crystals, absorption of light by, 652 ; 
diamagnetic, susceptibility of, 685 ; 
ferromagnetic, susceptibility of, 
689 ; magnetic anisotropy, 677 et 
seq , ; paramagnetic, susceptibility 
of, 687 ; polar, oonduotion m, 648 
Cultivation implements, effect on soil 
structure, 665 
Cumacoa, evolution of, 323 
Curie point and magnetisation, 22 
(Jyclic hydrocarbons, heats of hydro- 
genation, 521 

Cyclone formation, cause of, BOB 
Cytoohrome c, 316 
in cell oxidation, 726 
Czekanowskia, 437 

Davison (C.), Earthquake-Swarms in 

J^pau, 49 

Dennis (R. W. 0.)» Relation of Boron to 
Plant Growth, 58 
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Decmity of matter in space, 290 
Depressions, kinemats^ features, 307 
Desert Oora, life span, 747 
Diamagnetism, theory of, 679, 685 
Dtatomaoious ooase, 5 
Diatoms, physiology of, 749 
Dibenzyl, stmoturo by X-ray analysis, 
253, 254 

Dielectrics, breakdown strength, 650 ; 

oonsts^te, theory of, 768 
Diels- Alder synthesis, 511 
Diets, Vitaniin B content, 314 
Diffusion of gases through metals, 99 
self-, of metals, 45 
Diluvial man, arch»ology, 141 
Dingle (H.), Science and Truth (Estay 
Review), 345 
D.S.I.R., Report of, 769 
Durene, structure by X-ray analysis, 
252, 254 

Early mi^ comparison of fossil finds, 
758; in Amenoa, 132 ; in Asia, 130 ; 
in China, 131 

Earth, structure and density of, 297 
Earthquakes an<l lunar phases, 56 
deep focus, 104 

*Swarms in Japan, C. Davison, 49 
Eddington (Sir Arthur), Philosophy and 
Science {Beeay Review), 772 
Eddington's theory of Univorae, 273 
Electrons, heavy, 305 
Entomology, R^nt Advances in. H. F. 
Barnes, 120, 542 ; Colooptora, 123 ; 
Diptera, 127, 757 ; Heraiptera, 125, 
546 ; Hymenoptera, 126, 754 ; 

Lepidoptera, 124, 545 ; Orthoptera, 
12i 645 

Enzymes, and digestion of cellulose and 
ohitin, 639 et eeq. 

Equisetum, anatomy of, 116 
Brott, shape of, 706 
Eiddmo, ethnolo^, 325, 327, 328 
Essex coast, lana surface, 135 
Ethane, combustion of, 98 
Ethyle^, heat of hydrogenation, 519 

F centres, 654, 657 

FaUaize (E. N.), Reoent Advances in 
Arohssology, 129, 548 
Fermat's principle, 213 
Ferromagnetism, theory of, 681, 689 
Fertilisers, effect on soil structure, 669 
Fertility in rams, 548 
Films, compressed, reaction velocities in, 
626 ; jp^etration, 636 
Filon (L. N G.), Pascal, The Scientist and 
Man {Beeay Review), 663 
Fish migration, 332 
FishfNcy investigations, reports on, 331 
Fishing gear of England and Wales, 332 
Contraction, 79 
FheSfbleedhig media, 128 ^ 

Fbooulation, of soil, 671 


Flowers, colour and bees, 29, scent and 
bees, 81 

Folsam man, 132 
Fossil foraminifera, 741 
Frisch (K. von), The Language of Bees, 
29 

Fruit, gas storage, 770 
Fuoaoe», zonation of, 535 
Ftisulinidfc, 741 

g, measurement of, 84 
Gall wasps, 126 

Oarstang (W., and others) ; Reoent 
Advances in Zoology, 320, 750 
Gel monolayers, nature of, 632 
Geology in the U.S.S.R., G. W. TyrreU, 
479, 730 

Recent Advances in, G. W. Tyrrell, 
104, 626, 729 ; Igneous rooks, 525, 
729; Tectonic, R^ional and Strati- 
graphioal, 104 

Gifford’s theory of lunar craters, 499 
Ginkgo, 420-40 ; derivation of name, 
424 ; distribution, 437 ; fossil 
foliage, 427 ; history, 426 
in Rnsetio rooks, 430 ; in Triassic 
dora, 431 ; relatives of, 432 
biloba, 421 ; habitat, 423 
Oinkgod'ium, 434 
Olobigerina and ocean floor, 6, 7 
Gold, distribution of valencies, 473 
Alms, deposition of, 559 
Graphite, susceptibility of, 686 
Groups, theory of, 492 

Haddock, stocks of in N.E. Atlantic, 332 
Hailstones, formation of, 717 
Haliotie, development of, 750 
Halophytes, apparent assimilation in, 
539 

Hamilton principle, 219 
Hartzia, 436 

Heisenl^rg and wave mechanics, 225 
Helium II, viscosity, 767 
Heredity, Bureau of Human, 341 
Hevesy (G.) and Paneth (F. A.), Radio- 
efoments as Indicators in Chemical 
and Biological Research, 38 
Hexapoda, light production in, 229 
Hill (G. T. K.)» Air Resistance and its 
effect on Aeroplane Speeds, 441 
Hipparian, 649 
Homalio monolayers, 629 
Homing in birds, 752 
Huxley Memorise Lecture 1937, 137 
Huygen’s principle, 219 
HydncKMirlmns, oombuation of, 94 ; heats 
of hydrogenation, 516 ; intention 
with catalysts, 521 

Hydrogen diffusion through metals, 102 ; 

peroxide, manufacture of, 515 
Hydrogenation, heats of, 516 
Hypsogmphical curve, 2 
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820 OBNliBAL IKDEX 


Hysteresis, magnetic, of crystals, 803 
Ice Age, P. 0. H. Boswell (Essay Review), 

mn 

Igneous rocks, peti'ology of, 525 
Indus Valley civilisation, 1 35 
Insect, biological control, 543 ; control, 
645 ; digestion, 757 ; fauna, Lias- 
sic, 746 ; ontogeny, 121, 542 ; para- 
sitism, 127, 764, 766 ; populations, 
543 

Insects, ancestry, 120 ; cretaceous, 642 ; 
foods of, 121 ; time of emergence, 
121 

Insemination, artificial, 696 
Insulators, steady currents in, 650 
Iron alloys, susceptibility of, 690 
aluminium alloys, atomic arrange- 
ment, 17 

as enzyme catalyst, 280 
ltd Earthquake-swarms, 51 

Jupiter, atmosphere of, 709 

Kermack (W. 0.), Recent Advances in 
Biochemistry, 309, 722 
Knots, theory of, 70 

Larapyris, egg, luminescence, 230, 231 
Latent heat of transformation in alloys, 
26 

Lattice imperfections, effect of, 653 
Lead-calcium grid storage batteries, 569 
Least action, principle of, 215 
Life span of desert flora, 747 
Light, nature of, 210, 220 ; velocity of 
by Kerr cell, 713 

Liquid Surfaces, Reactions at, E. K. 
Rideal, 625 

Lithium alum, preparation of, 93 
Lonsdale (K.), Magnetic Anisotropy of 
Crystals, 677 

Luoiferin and light production in arthro- 
pods^ 232, 236, 237 ; varieties, 239 
Lummesoence and photoconductivity, 
656 

Limar craters, meteoric origin, 498 

Magneorystallic substance, 678 
Magnetic hysteresis of single crystals, 303 
Maidenhair Tree, Story of, Sir A. C. 
Seward, 420 

Maleic acid, manufacture of, 611 
Malic acid, manufacture of, 611 
MaloBuf (N, S. Royston), Biology of 
Light Production among Arthro- 
pods, 228 

Manaible measurement, 329 
Manganese, and Vitamin B, 281 ; as 
enzyme catalyst, 280 ; functions, 
279 ; growth effect, 276 ; in animal 
tissues, 277 ; in growth and repro- 
duction, 279 ; in haomoglobin for- 
mation, 279 { in plant tissues, 277 ; 
metabolism, 278 ; valency and 
configuration, 475 


Mars, atmosphere of, 708 ; structure of 
interior, 299 

Mathematics, Recent Advances in, 
J. H. C. Whitehead, 70. 492, 700 
Maupertuis principle, 216 
Mayan remains, 761 

McVittie (G. C.), Structure of the Uni- 
verse, 206 

Melville (H. W.), Recent Advances in 
Physical Chemistry, 94, 616 
Mesolithic site in Brittany, 660 
Metallic films, thin, resistance of, 710 
Metals, gaseous diffusion through, 99 
Meteors, double, 707 
Meteorology, Recent Advances in. E. V. 

Newnham. 305, 717 
Methane, combustion of, 94 
Milk production in cattle, 647 
Milne’s theory of Universe, 271 
Minnesota, Ploistooeno man in, 326 
Miscellanea, 142, 338, 556, 765 
Molluscs, Pleistocene, 134 
Monkey, malarial therapy in neuro- 
syphilis, 336 

Moon, structure of interior, 299 
Mott (N. F.). Conduction of Eleotrioity 
in Polar Crystals, 648 
Mount Wilson Amiual Report, 296 
Myriapoda, light production in, 229 

Nagusa earthquake-swarm, 49 
Naphthalene, structure by X-ray 
analysis, 252 
Nebular counts, 268 
Neutrinos, existence of, 304 
Neutrons, magnetic moment of, 83 
Newnham (K. V.), Recent Advances in 
Meteorology, 305, 717 
Nickel, oo-ordmation compounds, 407 ; 

diffusion of gases through, 103 
Nicotiana, haploid types, 748 
Nicotinic acid, and co-enzymes, 722 ; 

emd pellagra, 727 
Nobel prizes 1987, 667 
Nodule bacteria, 748 
Novas, 295, 296 

Ooean,The Floor of, P. G. H. Boswell, 1 
Faunas, K. S, Wimpenny (Essijvy 
Review), 360 

fioor deposits, 4, authigenio minerals 
in, 12, radium content, 8, 
sampling of, 7 

foundation, 11 ; oxidising capacity, 
0 ; Wegener’s hypothesis, 2 
Oceanic basins and Continental masses, 
137 

Ohio-Misaissippi flood, 306 
Oil, drying of, 629 
Oldham dLcontinuity, 298 
Orgamic compounds with large riim 91 
Molecules, Structure of by X-ray 
Analysis, J. M. Robertson, 246 
Organiser grafts, 32 
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Oxalic acid, structure by X-ray analysiii, 
266 

Oxidase of potato, 728 
Oyster bods in 8. Wales, 334 
production, artificial, 764 

Palieo- Amerinds, anthropology, 326 
Palaoolithio sucoession in Britain, 562 
Palaeontology, Invertebrate, Recent Ad- 
vances in, H. Dighton Thomas, 740 
Palladium, co-ordination compounds, 
466, 471 

Paramagnetic temperature, 300 
Parannignetisin, theory of, 080, 687 
Parthonocarjiy, induced, 748 
Pascal, The Scientist and Man, L. N. Q. 

Filon {Esmy Heview)^ 663 
Pauling's theory, 467 
Pear, gas storage, 341, 770 
Pedology, Recent Advances in, N. M. 
Comber, 113 

Pellagra and nicotinic acid, 727 
Pentaerythritol, structure by X-ray 
analysis, 260 

Periwinklee, protocjtion at Maldon, 334 
Peroxidase, 316 
Phenol, manufacture of, 614 
Philosophy and Science, Sir Arthur 
Eddington {Eaaay Review), 772 
Phosnicopais, 434 
Phosphorus hydrides, 03 
in human body, fate of, 46 
Photinua, light-production in, 231 
Photoconductivity and luminescent 
materials, 656 
in insulators, 660, 653 
Photolysis of silver bromide, 666 
Photosynthesis at high altitudes, 538 ; 
and polarised light, 541 ; and 'wave- 
length, 640 ; daily course of, 638 ; 
in Potiunogeton, 640 ; rate of, 638 
Phthalio onhyc^ide, meuiufaoturo of, 609 
Phthalooyanines, structure by X-ray 
analysis, 261 

Physical Anthropology, Recent Advances 
in, L. H. Dudley Buxton, 326, 768 
Physiol Chemistry, Recent Advances in, 
H. W. Melville, 94, 616 
Physios, Recent Advances in, W. N. 
Bond, 79, 299. F. C. Chalklin, 601, 
F. A. Vick, 604, 710 
Pinua, root and soil profile, 537 
Planets, atmospheres of, 707 ; photog- 
raphy of, 710 
Plankton patches, 333 
Plant and Animal Economy, Mangcuiese 
and Cobalt in, Ethel Browning, 276 
distribution and aspect, 318 
Physiology, Recent Advances in, W. 
StiloB, 637 

Plants, economic, boron deficiency, 60, 
oamotio pressure of, 630 
Platinum co-ordination compounds, 466, 
471 


Pleistocene, fauna of, 649 
Polar Crystals, Conduction of Elec- 
tricity in, N. F. Mott, 648 
Pollen analysis in archseology, 134 
Protein, monolayers, 632 ; spread on 
water, 631 

Proxima Centauri, 497 
Pyrophorus egg, luminescence, 280 
Pyrrho tite, hysteresis in, 691 

Quartz crystal oscillators, 61 

Rac‘ial character, ohanges^of, 702 
Radio-elements as Indicators in Chemical 
and Biological Research, G. Hevesy 
and F. A. Paneth, 88 
Radium and ocean floor deposits, 8 
deposit of Great Boar Lake, 341 
Rare earths, susceptibility of, 688 
Recession formula, 266 
Refection, 311 
Roiiirnuth asteroid, 704 
Resorcinol, structure by X-ray analysis, 
269 

Rhododendron, mycorrhiza, 749 
Ridcal (E. K.)* Reactions at Liquid 
SurfWies, 626 

River bank vegetation, 636 
Robertson (J. M.), Structure of Organic 
Molecules by X-ray Analysis, 246 
Root development and soil aeration, 318 
systems of meadow plants, 117 
Russell (E. W.), Physical Basis of Soil 
Structure. 660 

Rutherford, Lord, obituary notice, 417 

Salisbury (E. J,), Recent Advances in 
Botany, 116, 316, 635. 747 
Salmon, routes of migration, 139 ; 

scale examination, 140 
Sohroedinger's principle, 220, 221 
Science and Truth, H. Dingle {Essay 
Review), 346 

Scutum cloud, distribution of stars in, 
74 

Scyllium, oinbryogeny, 323 
Sea trout in Scotland, 140 
Seed germination and moisture, 118 
of stony, 319 

Semi-conductors, theory of, 667 
Seward (Sir A, C.), Story of the Maiden 
hair Tree, 420-40 
Sex control and reaction, 697 
Ratio, Experimental Control of, A. 
Walton, 694 ; in Paeudoooocm, 647 
Shearwaters, homing of, 752 
Sideroae, ausooptibility of, 688 
Sierra Leone diamond field, 661 
Silver, distribution of valenoiee, 472 
Skye, flora of, 119, 122 
Sodium carbonate, manufacture of, 614 
chloride crystials, conduction of elec- 
tricity, 648, 651, 665 ; photo- 
conductivity, 663 J ultra-violet 
absorption, 662 
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8oil aggregates, olaasifioation, 663 ; 
stability, 663 ; 8truoture» 661 
fauna, 123 
mtrifioation, 115 

oxidation-reduction potential, 116 
physical condition of, 114 
pore-spaoo, 663 ; distribution, 661 
structure, control of, 666 ; cultiv- 
ation implements, 666 ; effect of 
dimato, 667 ; growing crop, 670 ; 
manures, 668 ; method of measur- 
ing, 662 ; Physical Basis, E. W. 
Russell, 660 
surveys, 116 

water, 113; stability, 673 
Soils, available plant food of, 115; 
boron deficiency, 65 ; virgin, classi- 
fication, 664 
Solar constant, 148 
Sole, migration of, 333 
Bound standard, source of, 301 
S. Africa, telescopes in 77 
Space, hyperbolic, 270 ; radius of curv^a- 
ture of, 268 

Spermatozoa, separation of, 607, 698 
SphenobaierOf 436 
Sponges, development of, 320 
Stapledon (K. G.), Agrioiiltural Research 
and Higher Degrees, 453 
Star guide, 79 

Stars, absorption of light from, 74 ; 

dwarf, 296 ; nearest to the sun, 496 
Steam, thermodynamic properties, 147 
Stearyl alcohol, manufacture of, 614 
Stellfi^ parallaxes, discrepancies in, 76 
spectra, red shift in, 297 
Stephenophyllum^ 435 
Stereochemistry of four-covalent atoms, 
468 

Stilbene, structure by X-ray analysis, 
253, 255 

Stiles <W.)t Recent Advances in Plant 
Physiology, 537 
Strontium minerals, 145 
Structure of Universe, Milners theory, 
271 ; Eddington’s theory, 273 
Subfoesil man, 760 

Submarine canyons, 3 ; volcanoes, 10, 1 1 ; 
weathering, 10 

Saoeinio acid, manufacture of, 511 
Susceptibility, diamagnetic, 679, 681 ; 
paramagnetic, 681 

Tasmanian aborigines, dentition of, 762 
Temperature, low, measurement of, 299 
Tepnro^ as insecticide, 544 
Thermionic emission from surfaces, 505 
Thomas (H. Dighton), Recent Advances 
in Invertebrate Palssontology, 740 
Tislowitz iR.)> Synergism and Antc^^n- 
ism of Vitamins, 290 
Tobacco plant infection, 125 
TordWa, 436 
Tsetse fiy in Africa, 129 


Tyrrell (G* W,), Geology in the U,S.S,R., 
479 ; Reoent Advances in Geology, 
104, 525, 729 

Ultimate particles, 304 
Uncertainty principle of Bohr, 225 
Universe, Structure of, G. C, MoVittie, 
266 

Urea, manufacture of, 513 
U.8.S.R., oil reserves in, 480 

Valency, change of, affecting configura- 
tion. 472 
Velan, 559 
Ficia faba, 69 

Vick (F. A.), Recent Advances in Phy- 
sics, 604, 710 

Vitamin B, assay of, 310 ; in bread, 312 ; 
in diets, 313 ; requirement of man, 
313 

Bl, formula and synthesis, 86 
Vitamins and blood pressure, 292 
Synergism and ^tagonism of, R. 
Tislowitz, 290 

Walton (A.)» Experimental Control of 
Sex Ratio, 694 ; Reoent Advances 
in Agricultural Physiology, 547 
Wardlaw (W.) and E. Q. Cox, Co- 
ordination Compounds, 463 
Water Pollution Research Board Report, 
146 

relation, grasses and liverworts, 318 
softening by resins, 146 
thermodynamic properties, 147 
Wave Mechanics, Origin and Nature of, 
W, Wilson, 209 

motion, group velocity, 211 ; phase 
velocity, 211 
Weed control, 316 

Werner’s theory of co-ordination oom* 
pounds, 463 

Whitehead (J, H. C.), Recent Advances 
in Mathematics, 70, 492, 700 
Williams (E. J.), Transformation of 
Atomic Arrangement in Alloya* 16 
Wilson (W.)* Origin and Nature of Wave 
Meoha^os, 209 

Wimpenny (R. 8.)» Ocean Faunas (Sssap 
Iteview), 360 
WindtaartUa, 435 

Wrigl<^ (R. W.)> Reoent Advances in 
Astronomy, 74, 295, 495, 704 

X-ray analysis and struoture of organic 
molecules, 246 

Yellow fever mosquito, food of, 127 
Yonge (C. M.), Digestion of Cellulose 
and Chitin by Invertebrates, 638 

Zoology, Recent Advances in, W, Gar- 
Bt^ and others, 320, 760 ; Qm»* 
tics, 753 ; Palssontology, 324, 764 



INDEX OF 


Absorption and Extraction, T. K. K. 
Sherwood, 684 

Accidents and their Prevention, H. M. 
Vernon, 396 

Aerodynamics, Elements of Practical, B. 
Jones, 370 

Africa, Stone Age, L. S. B. Leakey, 196 
Agricultural Chemistry, A Practical 
Course in, F. Knowles and J. E. 
Watkin, 883 

Ainsworth (G. C.), The Plant Diseases of 
Great Britain, 598 

Allen (C,). Modem Discoveries in Medical 
Psychology, 393 

Alliston (N.), Mathematical Snack Bar, 
360 

Alternating Current Measurements, D. 
Owen, 779 

A. C. Measurements, Commercial, 2nd 
ed., G. W. Stubbings, 367 
Anderson (A. K.), Laboratory Experi- 
ments in Physiological Chemistry, 
192 

Andrade (E. N. da C.), The New Chemis- 
try, 676 
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buoh dor, 8th ed., Stiokstoff (Lfg. 
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man, 612 
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